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Tuurspay, April 9, 1896. 

THE 485th meeting of the Society oF Arts was held at the 
Institute on this day at 8 p.m., Professor H. P. Talbot in the chair. 

The record of the last meeting was read and approved. The Sec- 
retary reported that the Executive Committee had approved the fol- 
lowing nominations for associate membership: Macy S. Pope, of 
Boston; Edward D. Brown, of New York; Howard C. Forbes, of 
Boston; Parker C. Newbegin, of Houlton, Maine; Albert H. Sawyer, 
of Boston; George W. Sherman, of Cambridge; George R. Under- 
wood, of Peabody ; Hans Birkholz, of Milwaukee, Wisconsin ; Edward 
P. Boone, Jr., of Boston; and John F. Low, of Chelsea. These nom- 
inees were duly elected. The Secretary announced the receipt of 
invitations to the exhibition of the Camera Club. 

The President then introduced Mr. Arthur D. Little, of Boston, 
who read a paper on ‘“ Paper and Paper Testing.” The various clas- 
sifications of paper by composition and by physical properties were 
given. Precautions required in testing were discussed, and then the 
various methods of testing paper were described, and many of them 
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were illustrated by experiments. At the close of his remarks Mr. 
Little exhibited a remarkable collection of very rare and beautiful 
Russian water markings. 

A discussion followed, and then, after the speaker had been 
thanked for his very interesting paper, the Society adjourned. 





Tuurspay, April 23, 1896. 

The 486th meeting of the Society or Arts was held at the 
Institute this day at 8 p.m., Professor Allen in the chair. 

The record of the last meeting was read and approved. On 
motion, it was voted to authorize the President to appoint a com- 
mittee to nominate candidates for election to the Executive Commit- 
tee for the next year. 

Major W. R. Livermore, of the United States Engineers, was 
then introduced and read a paper on the “Arts and Sciences in 
the Twentieth Century.” The immense accumulation of knowledge 
at the present time was dwelt upon, and it was pointed out that there 
is need of codperation between the different branches of science. For 
this a common language is necessary, and the graphic methods of pre- 
senting facts were shown to be capable of wide application in this con- 
nection. A number of charts and tables were exhibited by means of 
the lantern to illustrate points made in the paper. 

A discussion followed, after which the speaker was thanked by the 
chair for his very interesting and suggestive paper, and the Society 
adjourned. 





TuurRspDay, May 14, 1896. 

The 34th annual meeting (487th meeting) was held at the Institute 
on this day at 8 p.M., the President in the chair and a quorum of mem- 
bers present. 

The record of the previous meeting was read and approved. 

Mr. Lowe presented the report of the Nominating Committee, rec- 
ommending for the Executive Committee for the next year Messrs. 
George W. Blodgett, Percival Lowell, Henry M. Howe, Walter S. 
Allen, and Desmond FitzGerald. 

Mr. Woodbury, of the Executive Committee, reported that the 
committee nominated Dr. R. P. Bigelow for Secretary for the en- 
suing year. 
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The reports were accepted, the Society proceeded to ballot, and 
these gentlemen were declared duly elected. 


Mr. Woodbury read the report of the Executive Committee as 
follows in part: 


The Executive Committee of the SocieTy oF ARTs presents as its annual report for 
the 34th year the following : 


MEMBERSHIP. 
Life members May, 1895 . . . . a a 71 
Became life members by operation ot the By- Laws ae a 2 
23 
Died during the year ae at 6 
Life members at the present time Pe eee 67 
Number of associate members May, 1895 . amet 181 
Number of associate members elected during the vane at 118 
299 
Died ae ee ee es oan oa 
Resigned . Sng ar 5 
Dropped for non- poyuient of aus re ec ae 1 
Transferred to life membership er . 2 
—— 
Present number of associate members . . 3 Set asic 289 


MEETINGS. 


Including the present meeting, thirteen have been held during the year, at which tour- 
teen papers will have been réad. As all of these (with three exceptions) have been, or 
will shortly be, published in the TECHNOLOGY QUARTERLY it is not thought necessary to 
recapitulate them here. Thirteen papers published in the QUARTERLY have been read by 
title. 

Three addresses illustrating original work of the speakers are especially worthy of 
mention, viz.: The paper read January 9 on ‘‘A New Method of Studying the Light of 
Alternating Arc Lamps,’’ by Professor W. L. Puffer, of the Institute; the exhibition given 
by Mr. Louis Derr, of the Institute, February 13, of “ Apparatus for Showing the Phase 
Relations of Alternating Currents;” and the demonstration given by Professor Cross on 
the same evening of Professor Réntgen’s X-Rays. 

The Executive Committee would be much gratified if members having important in- 
formation of a scientific or practical character would communicate with the Secretary with 
a view to its being brought before the Society; also if they would make more widely known 
among their friends the scope and purpose of the Society, and thus add to the attendance 
and to the interest of the meetings. 


(Signed) Francis A. WALKER, 
GEORGE W. BLODGETT, 
Henry M. Howe, 
C. J. H. Woopsury, 
ROBERT P. BIGELOW, 


Of the 
Executive Committee. 
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The report was accepted and ordered placed on file. The 
Secretary read the report of the Meteorological Committee as 
follows : 


The undersigned members of the Meteorological Committee beg leave to report that 
they have watched with interest the development of the work of the Boston Station of the 
Weather Bureau, which is still in charge of Mr. J. W. Smith. The improved method of 
printing the Daily Weather Maps, proposed by Mr. Smith and mentioned in last year’s 
report, has been put in practice, and Mr. Smith will introduce the process in other cities 
by order of the chief of the bureau. Briefly described, the isobars and isotherms with the 
necessary explanatory figures are engraved at the station on a metal plate representing 
the base maps of the United States. From a stereotype of this the maps are printed, 
together with tabular matter and predictions set in type. Large editions of the maps are 
printed more quickly than were the former cyclostyle copies, and although the present map 
is smaller in size, it is more legible. 

Another innovation during the year has been the introduction of special hurricane 
signals. For night signals more powerful electric lights than heretofore are now displayed 
and at a greater height above the post office tower, thereby rendering them less likely to 
be mistaken by mariners for other lights. 

The committee have to announce that the Monthly Bulletin of the New England 
Weather Service has given place to a similar Climate and Crop Report, which it is the 
intention of the chief to issue in place of the existing State Weather Service Bulletins. 
A uniform method of publishing meteorological data throughout the United States is 
highly desirable, and it is a compliment to J. Warren Smith that the observations under 
his direction in New England should be the first to be published in the new form. 


(Signed) WILLIAM H. NILEs, yews 
A. LAWRENCE ROTCH, Committee. 


The report was accepted and ordered placed on file. 

The following gentlemen were elected associate members : George 
Wyman Hamilton, of Boston; Fred F. Moore, of South Framingham ; 
G. W. Patterson, Jr., of Ann Arbor, Michigan; Walter W. Reed, of 
Waltham ; and A. Forrest Shattuck, of Syracuse, New York. 

The following papers (published in the present number of the 
QUARTERLY) were presented by title: “Englacial Drift,” by W. O. 
Crosby ; “Notes on the Best Form of Cross Section for the Coils of 
a Galvanometer,” Part I, by F. A. Laws; and “Some Experiments on 
the Growth of Diatoms,” by G. C. Whipple. 

The President then introduced Mr. Horace See, of New York, 
who read a paper on the “Recent Development of Large Freight 
Steamers.” The paper was illustrated by means of views and plans 
thrown upon the screen by the lantern. First, the development of 
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freight steamers from their beginning to the present was sketched ; 
then the recent improvements in large freight steamers were de- 
scribed, especially the important improvements in the machinery, re- 
sulting in greater economy of space and of fuel. 
At the close of the paper the President thanked the speaker, 
and the Society adjourned. 
RoBERT PAYNE BIGELOW, Secretary. 
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DESCRIPTION AND COMPUTATION OF A TWENTY- 
FOUR HOUR DUTY TEST ON THE TWENTY MIL- 
LION GALLON LEAVITT PUMPING ENGINE AT 
CHESTNUT HILL. 


RESULTS OF TESTS MADE IN THE ENGINEERING LABORATORIES. 
IV. 
By EDWARD F. MILLER, S.B. 


Read March 12, 1896. 


TuE test which I am about to speak of was made on May Ist and 
2d of last year by about ninety students of the senior class of the 
Massachusetts Institute of Technology. The test formed a part of 
the regular work of the Engineering Laboratories, and was made 
under the direction of the laboratory instructing staff. The follow- 
ing brief description of the engine and boiler is taken from the 
1894 report of the City Engineer, Mr. William Jackson. 

The engine (Plate 1) was built by the Quintard Iron Works of New 
York, from designs furnished by E. D. Leavitt, of Cambridge. It is a 
triple expansion, three-crank rocker engine, with pistons 13.7, 24.375, 
and 39 inches in diameter and 6 foot stroke. The cylinders are vertical 
and inverted, and are carried, together with valve gear, on an entabla- 
ture supported by six vertical and six diagonal columns. The steam 
and exhaust valves are gridiron slides worked by cams on a horizontal 
shaft, which is driven by gearing from the crank shaft. The cut-off of 
the high pressure cylinder is regulated by the governor through the 
agency of a hydraulic cylinder, which advances or retards the cut-off 
cam by means of a spiral sleeve ; the cut-offs of the other engines are 
fixed. The steam passes into the high pressure cylinder through a 
separator forming a part of the inlet side pipe. After expanding in 
this cylinder it passes through a tubular reheater to the intermediate 
cylinder, and thence through another similar reheater to the low pres- 
sure cylinder. The reheaters have steam of boiler pressure, or about 
185 pounds per square inch on the inside of the tubes, and the work- 
ing steam on the outside. All the cylinders are steam-jacketed on 
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the head and barrels, the low pressure cylinder with steam at 100 
pounds and the others at 185 pounds. The jackets and reheaters 
using steam of boiler pressure are drained back to the boiler, while 
the low pressure cylinder jackets and the working steam side of the 
reheaters are drained by means of automatic traps discharging into 
the hot well. 

The engine crossheads work on guides cast in the vertical col- 
umns. The motion is transmitted from the crossheads by links to 
beams or rockers carried in pedestals on the bedplate of the engine. 
From these beams the connecting-rods work off in one direction and 
the pump links in the opposite direction, but inclined at an angle of 
about 30 degrees from the horizontal. The leverage of the various 
pins in the beams is such that the stroke, which is 6 feet in the case 
of the steam pistons, is reduced to 4 feet for the pump plungers, 
which is also the amount of the double throw of the cranks. The 
crank shaft has three cranks set at angles of 120 degrees, the low 
pressure crank leading, followed by the intermediate and high pressure 
cranks. The shaft is carried in four adjustable four-box pedestals, 
with overhung end cranks. Between two of these pedestals is the 
fly-wheel, and between the other two the gear for driving the cam 
shaft. 

There are three double-acting inclined pumps (Plate 2), having 
plungers 17.5 inches in diameter and 4 feet stroke. The pumps are 
seated on foundations at a lower level than those for the engines, the 
pump chambers being tied to the engine bedplates by horizontal gird- 
ers, as well as by the pump crosshead guides, which are inclined 30 
degrees frem the horizontal. This peculiar arrangement of inclined 
pumps was found necessary to suit existing conditions of engine house, 
pump well, etc. The pump bases or suction chambers, six in number, 
one for each end of each pump, are connected together, and the bases 
of each pump are connected by a separate suction pipe. The lower or 
working pump chambers are surrounded by annular spaces throughout 
their height, forming vacuum chambers. The upper pump chambers 
contain the delivery nozzles, and above these are the air chambers, all 
six of the latter being connected by pipes. 

Each end of each pump has one suction and one delivery valve, 
consisting of a number of rigidly connected rings covering annular 
openings in the valve seats. The speed necessary for the required 
capacity of 20,000,000 gallons in twenty-four hours is fifty revolu- 
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tions per minute, but the engine has been designed to run easily at 
sixty revolutions per minute. The head pumped against is 128 feet, 
or about 55 pounds per square inch. 

Each pump contains one suction and one delivery valve, each 
about 3 feet in diameter. The use of these large valves, together 
with the phenomenally high speed, is made possible by the method of 
working the pump valves, which is the invention of Professor Riedler, 
of the Royal Polytechnic School, of Berlin, Germany. This inven- 
tion consists in closing each valve positively at just the moment of 
reversal of stroke by means of levers and rods. After closing the 
valves the mechanism moves out of the way, leaving the valves free 
to open automatically. 

Although the design for the Chestnut Hill engine was begun first, 
the large pumping engine of the Bethlehem Iron Company, also of 
Mr. Leavitt’s design, was the first Riedler engine in operation in this 
country, having been started more than a year before the Boston 
engine. There are now quite a number of Riedler engines in this 
country, some running as fast as 120 revolutions per minute. 

The condenser of the Chestnut Hill engine is of the surface type, 
having 1,410 square feet of tube surface, with water passing through 
the tubes. The condensing water is taken from one of the upper 
pump chambers, and after passing through the condenser is delivered 
into the force main. A butterfly valve in one of the pump discharge 
pipes permits the quantity of condensing water to be easily regulated. 
The air pump is of the single-acting bucket type, 24’ diameter and 
12-inch stroke, situated directly below the condenser, and worked by 
an arm on one of the pump valve gear rocker shafts. 

Steam for the engine is furnished by a Belpaire fire-box boiler 
(Plate 3) having two separate furnaces and a common combustion 
chamber. The boiler is 34 feet 4 inches long, with a least internal 
diameter of shell of 90 inches. The tubes are 201 in number, 3 
inches in diameter, and 16 feet long. The feed water, before enter- 
ing the boiler, passes through a Green economizer, where it is heated 
by the escaping gases. 


ARRANGEMENTS AND CHANGES MADE FOR THE TEST. 


The air pump ordinarily delivered into a closed hot well, into which 
the drips from the separator and from the working sides of the first 
and second receivers were discharged. The steam used by the feed 










PLATE 2. 





BOSTON WATER WORKS. 
CHESTNUT HILL PUMPING STATION. 
ENcINE No.3. 


VERTICAL SECTION THROUCH INTERMEDIATE CYLINDER. 






























PLATE 3. 


(+o. ce \ oe 















& 


— re eee — bj" 46 





** ggIRg*# — mm men 








' 
Pa 
3 
2 
<= 

! 

| 

! 

' 

' 

} 


Osa 






FiG.2 ¢ 


le A elit ee my 


FiG.3 


ome 












° Fic.4 


LX). | 


























- om 6998" am me 

















Os 
@.90 
eeoe0° 
26" e@¢Gceo 
0606 
j 6000 
i G6%o0o 
j eoeoo0e0 SECTION CC LOOA/NG BACH 
2909 
arr ia sey ee eee om Me eae ee, a oe eee a ay aa a ne le 


SECTION AA LOOKING FRONT. SEC770ON BE LOOKING FRONT: 























Duty Test on the Chestnut Hill Pumping Engine. 75 


pump and the small hydraulic pump, supplying oil for the hydraulic 
cylinder used in governing the cut-off on the high pressure engine, 
was also exhausted into this hot well. Ordinarily, whatever make-up 
was needed to supply losses was put into the hot well. 

The regular feed pump (Fig. 1) A, which at that time was under 
the engine close to the hot well, took its supply from the hot well Z. 
In order to weigh the air pump discharge, the piping leading from the 
air pump to the hot well was broken and led over to two weighing bar- 
rels C and D, each of about 1,200 pounds capacity. From a tee at the 
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end of the air pump discharge, a branch with valve ran to each barrel, 
thus enabling the water to be run into first one barrel and then the 
other. These two barrels discharged into an open iron tank £ of about 
1,000 pounds capacity. The drips from the separator from the work- 
ing sides of the first and second receivers and from the low pressure 
jacket were discharged after being measured into the bottom of this 
tank. An auxiliary pump Ff, supplied with steam from an auxiliary 
boiler, pumped the water from this tank into the hot well 2. The 
pump A was disconnected from the boiler at both steam and water 
ends. Steam was supplied by an auxiliary boiler. It was used during 
the test to pump the water from the hot well to the weighing barrels 
H and J in the boiler room. 
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At first sight it might seem that there was unnecessary piping, 
but there appeared to be no other way of separating the different 
weights and at the same time getting the benefit of the heat in the 
exhaust steam from the feed and oil pumps. The barrels H and [ 
were arranged similar to the barrels Cand D. In these was weighed 
the water from the air pump plus the drips from the separator, the 
working sides of the first and second receivers and the low pressure 
jacket water, plus also the steam used by the feed pump G and the 
oil pump. The barrels H and /, together with a small make-up 
barrel / (fed from the water main), delivered into a reserve barrel K, 
from which the feed pump G supplied the boiler. 

The returns from the high pressure, intermediate pressure, first 
and second reheater jackets were returned directly to the boiler by 
gravity, and the total amount of steam used by these was determined 
by a separate test made immediately after the engine test. No at- 
tempt was made to find the amount used by the different high pres- 
sure jackets separately. 

At the end of the test the pipe conveying these returns to the 
boiler was broken and the drip turned into a closed steel reservoir 
about 18 inches in diameter and 9 feet tall. On the side of this res- 
ervoir were two gauge glasses, each 4 feet long, and a scale previously 
graduated, giving the capacity of the reservoir at any level to 5}, of 
a cubic foot. When full, the reservoir could be emptied quickly 
through a 2-inch globe valve. By noting the rate at which the res- 
ervoir filled, allowance could be made for the water lost while blow- 
ing out. From the amount caught in eighty minutes the weight for 
twenty-four hours was calculated. 

The returns from the separator from the working sides of the two 
receivers and from the low pressure jacket were caught during the 
test in similar reservoirs made of 8-inch pipe. A throttling calorim- 
eter with a }-inch steam orifice was attached to the steam pipe just 
before the throttle. A record was kept of the time during which the 
calorimeter was in use, and the amount of steam used by it was calcu- 
lated by Napier’s formula. 

The height of water in the suction well above mean tide marsh 
level was read by means of a copper float and graduated scale. 
A scale and gauge glass on the side of one air chamber gave the 
level in the air chambers above mean tide marsh level. From the top 
of the air chamber a }-inch pipe led to one leg of a U tube filled with 
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mercury. The discharge pressure was calculated from the difference 
of level of the two legs of mercury. The steam used by the small 
engine running the scrapers in the Green economizer was run into 
a barrel of cold water on scales, condensed and weighed. The water 
pumped was measured at Fisher Hill by a weir without and contrac- 
tions 10.002 feet in width. Samples of flue gas were taken just above 
the damper between the boiler and the economizer. 


STARTING AND ENDING THE TEST. 


The engine was run at speed for nearly an hour before starting the 
boiler test. The pressure was run down, and at the time of starting 
the new fire was 86 pounds by the gauge. As soon as the engine was 
stopped, the old fire was drawn from the grate and wood previously 
weighed was thrown in. The boiler test was started at 8—30, the time 
this wood was ignited, and then the ash-pit was cleaned. As soon as 
the wood was well on fire, coal was thrown in, that which fell through 
the grates being taken out and fired again. 

At 8-30 levels were noted in the boiler, in the reserve tank X, in 
the boiler room, in the iron tank £, into which the air pump discharge 
was run after being weighed, and in the hot well B. At the end of 
the boiler test these levels were made the same as at starting. At 
9-09 A.M., thirty-nine minutes after starting the boiler test, the engine 
was started; at 9-15 the engine was running smoothly at normal speed, 
and the 24-hour test was begun. At g—15 levels were noted in the 
boiler, in the reserve barrel X, in the reservoir Z, and in the hot well 
B, and a separate record kept of the amount of water required by the 
boiler for twenty-four hours, and also of the steam used by the engine 
cylinders in twenty-four hours. 

Cards from both ends of steam and water cylinders, and readings 
of pressures, temperatures, revolutions, etc., were taken at the stroke 
of a gong every fifteen minutes. Readings at the weir on Fisher Hill 
were taken at three or five minute intervals. After 9-15, on May 2, 
the end of the 24-hour engine test, the engine was run in order to 
drop the pressure in the boiler to that observed at starting. This 
result was attained at 9-26, when the engine was stopped and the 
boiler test ended. The fires were drawn and weighed, as were also 
the ashes. The jackets were in use during the entire boiler test. 
After ending the boiler test a new fire was built and the engine 
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started again. The high pressure jacket returns were now cut off 
from the boiler and measured as previously explained. 

A second test was then made with the engine hot but not running, 
to see what was the rate under these conditions. The amount of drip 
from the low pressure cylinder jacket was also measured under the 
same conditions. From the rate as obtained from the second test, 
the amount of steam made by the boiler before the engine started 
was figured. The test was divided up into three watches of eight 
hours, thirty men working at one time. All indicator cards were pla- 
nimetered and measured during the test. Corrections were determined 
for all thermometers used during the test. The different steam gauges 
were compared with an open mercury column both before and after 
the test. Scales were all tested in position up to 1,000 pounds, with 
sealed weights. 


REMARKS. 


At the time of the test the engine was new, all bearings were 
slack, and previous to the test had never been run for more than 
seven hours consecutively. One of the firemen had never fired the 
boiler previous to the test, and consequently did not get best results, 
as is evident from the analysis of the flue gases. The excess of free 
oxygen shows that the fire was too thin and that too much air was 
admitted. This extra air carried away considerable heat which might 
have been saved. 

At 2-06 p.m. one of the safety valves blew for four minutes. At 
5-15 A.M., on May 2, one of the sections of grate fell out of the left 
fire-box, and in replacing it two more came out, causing the pressure 
to fall to 140 pounds. The bars were replaced and full pressure up 
again by 6 a.m. It was estimated that 200 pounds of extra coal were 
fired to replace this loss. This estimate was based upon the rate of 
firing previous to this time. The test was calculated without making 
any allowance for the estimated 200 pounds excess of coal, and also 
in items marked with the subscript a allowance was made. 

One of the joints of the feed pump leaked slightly during the test. 
As soon as the leak was discovered the leakage was caught and re- 
turned to the suction barrel. From the rate of leakage it was esti- 
mated that 1,440 pounds were lost before the leak was found. There 
was a slight leak at the front of the boiler of which no account was 
taken. After the test it was discovered that there was a leakage by 
the low pressure piston. 
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CALCULATION OF BoILER RESULTS. 


(A) Quality of steam at throttle. 


Throttling calorimeter with a }-inch steam orifice was used. 
Calculated by this formula : 


Pei Shit. i ach 
-_ rv 





X = total heat of saturated steam calorimeter pressure. 
q = heat of liquid at temperature of entering steam. 

y = total latent heat of entering steam. 

¢, == temperature °F. by thermometer. 


¢ = temperature of saturated steam at calorimeter pressure. 
Time, 11-47. 


Boiler pressure absolute after applying correction to gauge = 194.9. 


Back pressure in calorimeter (absolute) after applying correction to 
gauge = 20.9. 


Temperature of steam in calorimeter (corrected) = 311.0° F. 


r= 845.3 q = 352.4 
vA = 1,158.2 t= 250.1 
t= 311.0 = .988 


Other values of x calculated in same way. 
values. 
The total weight of steam used by the calorimeter in 159 minutes 


was figured from the flow through a }-inch diameter orifice by means 
of Napier’s formula. 


.988 is mean of all 


The average absolute boiler pressure was 191 pounds. 


; .25 X .25 X .7854 X IQI X 159 X 60 
Total weight = 1,280 = 70 : 





(B) See (7) Boiler Test Data. 


(C) Average pressure, 175.7 + 14.8 = 190.5. 
Average temperature feed entering economizer = 127° F. 
Heat put into one pound = (*&r + g — Q). 


at boiler. feed. 
149,620 (.988 X 846.85 + 350.3 — 95.1) = 163,370,078 
B. T. vB. 


(D) See (m) Boiler Test Data. 











| 
| 
i 
1 
I 
\ 
i! 
4 





80 Edward F. Miller. 


(E) Total heat in one pound of wet steam as made by the boiler 
= («r+ ¢g) = (.988 X 846.85 + 350.3) = 1,187. 

Returns entered boiler at 369.7° F. 

Heat of liquid at this temperature = 341.9. 


Heat put into this is equal to 19,587 (1,187 — 341.9) = 16,552,974 
B..T. VU. 


(F) See (x) Boiler Test Data. 
(G) Calculated same as (E). 


136 (1,187 — 341.9) = 114,934 B. T. U. 


(H) Found by taking the sum of (C), (E), and (G). 

(I) See (g) Boiler Test Data. 

(I,) By deducting 200 pounds from (I). 

(J) Is equal to (H) + (I). 

(J,) Is equal to (H) + (I). 

(K) Found by dividing (J) by 965.8, the latent heat of steam at 
212° or at atmospheric pressure. 

(K,) J.) + 965.8. 

(L) Estimated from the excess over the previous rate of firing. 

(M) (I) + 24.93 X 68.75. 


CALCULATION OF ENGINE RESULTS AND Duty. 


(3) The different mean effective pressures (38, p. 88) were calcu- 
lated by multiplying the total area of all the cards from one end by the 
spring and dividing by the total length. 

The diameters of the cylinders and rods are: 


Hicu. INTERMEDIATE. Low. 
Piston. Rod. Piston. Rod. Piston. Rod. 
13.7 eh a a 


Stroke, 72". 


, __ 147.41 X 59.58 X 50.59 X6 __ 
H. P. of high pressure H. E. = 33,000 = 80.78. 





' 6 
H. P. of high pressure C. E. = ae ee Ss = 70.08. 
33,000 





66.6 2.6 : 6 
H. P. of intermediate H. E. = 4——* X 22.01 X 50.59 X 





33,000 ae 
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454.06 X 21.33 X 50.59 X 6 



































H. P. of intermediate C. E. = = 80.00. 
33,000 9:09 
—r HE= 1,194.5 X 10.66 X 50.59 X 6 __ 
H. P. of low H. E. = = 117.12. 
33,000 
, 1,181.93 X 11.18 X 50.59 X 6 
H. P. of low C. E. = = 121.54. 
33,000 
7 Se = 
Grea 196 a" Grea 1930" 
Length 392° Length 392” 
Quverage MEP for test 5258 lbs. Qverage MEP for test $4.52 tbs 
Qverage Cut-oft for test HBS h. QGverage Cut-off for test I786 fu 
Crosby Indicator 12010. Spring. Crosby Indicator 120dd Spring. 
: a= ; 
Crea 30007 Qrea 2780" 
Length 3395." Length 390.” 
Qverage MEP Sor test 22.6/ lbs. Qverage MEP fer test 24:33 108. 
Crosdy fadicator, 3 lo. Spring. Crosby Indicator 30 ld, Spring. 
Pa ss =" ae 
Grea 4/30" Qrea 4490" 
Length 3390.” Length 8H" 
Qverage MEP for test 1066 tbs. Quverage MEP for test 11/8 ibe 
Crosby indicator 107d, Spring. Crosby indicator 01d. Spring. 
FIG. 2. 


INDICATOR CARDS. CHESTNUT HILL PUMPING ENGINE. STEAM CYLINDERS. 


(4) The water plungers were all 17.5’’ diameter, 48" stroke, with 
3.5’ diameter piston rod. The mean effective pressures as calculated 
from the water cards are given in (39, p. 88). Cards marked S are 
from the end of the pump nearest the steam cylinders ; those marked 
P from the opposite end. 








| 
| 
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#8. ~ f — 4. 


Grea 239 0° 

Length 390" 

Quverage MEP for test 627 ids. 
Crosby indicator 101k Spring. 





Crea 2340" 

Length: 383” 

Qverage MEP ter test 6// lds. 
Crosby indicator, bia Spring. 


, : \- 


48. 








pti U ee eae 
Gree 232 0° Grea 296 of 
Length 390" Length 386! 
Qverage MEP for test 6/7 iba 


Qverage MEP for test E2/ ibe. 
Crosby Indicator 804 Spring. 


a ——- i 


Qrea 247 2% 


Crosby Indicator 801s Spring. 





Grea 227 af 

Length 367" Length 276." 

Qverage MEP for test 61,4 las Querage MEP fer test 596 lds. 
Zavor Jnewator 100% Spring Tabor AInduator 001d Spring. 


FIG. 3. 


INDICATOR CARDS. CHESTNUT HILL PUMPING ENGINE. WATER CYLINDERS. 











230.90 X 60.7 X 50.59 X 4 
Pump H. P. of S..E. = ee 85.95. 
opposite 
High. (4 P of PE mx 24052 X OI X S059X4_ 
— (E. 33;600 = 90.12. 
230.90 X 61.7 X 50.59 X 
ies H. P. of S. E. = ae Ano AA — 87.36. 
opposite : : 4 
Int. H. P. of P, E, = 240-52 X te x4 == 91.59. 
33,000 
__ 230.90 X 61.4 X 50.59 X 4 
Pump H.P. off S.E. = no = 86.94. ! 
opposite } 
pi H.P. of P. E, = 24952 X 59:6 X 50.59 X 4 a Sm 
33,000 
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(6) This is the sum of 2, 4, 5, and 13 of Engine Test Data. 
(7) Sum of (5) and (6) of Engine Test Results. 


(8) This is the total steam for engine cylinders and jackets for 
one hour divided by the total H. P. of steam cylinders. 


or 
nx oo-CUC Pe" 


(9) The steam required for the plant for twenty-four hours, ex- 
cepting that used by the high pressure jackets, is found by deducting 
the sum of items 7, 8, 9, 10, and 11 from item 6. 

(10) 146,226 (.988 X 846.85 + 350.3 — 95.1) 

= 159,664,169 B. T. U. 





(11) Estimated as previously explained. 
(13) 19,370 (1,187 — 341.9) = 16,369,587 B. T. U. 
(14) Sum of (10) and (13). 
(15) See Boiler Test Results (/). 
(16) This is found by dividing (14) by (15). 
(16,) (14) + (J). 
(17) and (19) The water over the weir (Fig. 4, p. 115) was calcu- 
lated first by the formula : 


I 
I 


Cu. ft. per second = 3.33 / Ai. 
7= 10.0026 ft. A= .9708 ft., the observed height on weir. 


A correction was then made for the velocity of approach. The 
area of a cross section of the weir at this depth was 60.3354 sq. ft. 

The quantity in cubic feet per twenty-four hours was then calcu- 
lated from this formula : 


uv \3 v\ 4 
3.33 2 [ += \— (=) | 24 X 60 X 60 = 2,809,370 cu. ft. 
2g 2g 
2,809,370 X 1,728 
231 





= 21,016,000 gallons. 





(20) 3X (230.9 1s X 4 X 50.59 X 60 X 24 = 2,861,640 


cu. ft. displacement of pump plungers. 
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(21) See items 33, 34, 35, 36, 37. 


145.87 — 122.65 = 23.22 ft. 
100.88 X .489I X 2.307 = 113.83. 
113.83 + 23.22 = 137.05 ft. total head. 


The specific gravity of the mercury used was determined immedi- 
ately after the test was finished. From this items 36 and 37 were 
calculated. 

(22) This is the product of (17), (18), and (21). 

(23) From items (22) and (16) 


24,025,507,490 X 100 
16,465 





= 145,919,000. 


(23,) From items (22) and (16,). 
(24) (24,) and (29). 


The B. T. U. required by the engine for twenty-four hours was 
calculated in this way: 

The total heat of the steam supplied to the cylinders above the 
heat of the condensed steam, plus the heat lost by the jacket steam in 
the high, intermediate, first and second reheater jackets, plus also the 
heat lost in the low pressure cylinder jackets, and in the drips from 
the working sides of the first and second reheaters above the heat of 
the liquid entering the economizer. 


128,471 (1,187.0 — 57.3) = 145,133,688 
19,370 X 845.1 = 16,369,587 
7,202 X 1,091.9 = 7,863,864 


169,367,139 


169,367,139 
24 X 60 X 575.66 





= 204.3 B. T. U. per H. P. per minute. 


204.3 X 60 equals the B. T. U. per H. P. per hour. Divide this by 
the B. T. U. taken up from 1 pound of coal. 


204.3 X 60 


= 1,113. 
10,820.2 
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(25) and (25,) From (23) and (23,) get the foot-pounds of water 
work done per pound of coal. 


33,000 X 60 = 1,36 33,000 X 60 = 1.34 


1,459,186 1,476,766 


From (20) and (17) 


2,861,640 — 2,809,370 


2,861,640 = 1.83 per cent. slip. 





137.0 
(27) 37 Se 59.406, the mean effective pressure due to head. 


2.307 
The H. P. of pumps calculated on this M. E. P. is 


3 X (240.52 + 230.9) X 50.59 X 59.406 X 4 
33,000 
575.66 — 515.19 
575.66 





= 515.19. 





= 10.54 per cent. 


100 — 10.54 = 89.46. 
33,000 
778 
42.42 
204.3 

(31) This is equal to the difference of absolute temperatures 
divided by the higher temperature: 


(377-7 + 460.7) — (113.5 + 460.7) 
(377-7 + 460.7) 


20.76 _ 
(32) io 65.9. 


(33) Duty (foot-pounds per 1,000,000 B. T. U.) 


The total B. T. U. required by engine in twenty-four hours is (see 
calculation of (29) ) 169,367,139. 


(30) = 42.42 B.T. U. required for one H. P. 


= 20.76 per cent. thermal efficiency. 


= 31.51 per cent. 





169,367,139 X 1,000,000 = 141,855,000. 
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(34) The foot-pounds of work done per revolution as figured from 
the 24-hour test is equal to 


24,025,507,490, 
72,843 
The total work done from the time of opening the throttle, or for 


73,516 revolutions, is 24,247,503,172 foot-pounds. 
The total coal burned for the entire test was 16,839 pounds. 





24,247,503,172 
168.39 





= 143,996,000. 


24,247,503,172 
166.39 
3 (230.9 + 240.52) 
144 
24,472,490,693 foot-pounds of work done in 24-hour test, figuring from 
displacements of water plungers. 


(34,) = 145,727,000. 


(354) “x 4 X 72,843 X 137.05 X 62.4 = 





24,47 2,490,693 
16,269 





= 150,424,000 duty. 


(36,) 3 ese8 20:59) “x 4X 79,906 X 19705 X G24 = 


24,698,595,419 foot-pounds. 





24,698,595,419 __ 148 
16,639 





»437,900 duty. 





Duty Test on the Chestnut Hill Pumping Engine. 87 


BOILER TEST DATA. 


Kind of coal, George’s Creek, Cumberland. 
Grate surface = 68.75 sq. ft. 
Heating surface = 2,849.0 sq. ft. 


WEIGHTS. 


Weight of wood fired at starting 
Coal equivalent of wood 161.0 “ 
Weight of coal fired in 24.93 hones r 16,734 
Weight of coal fired, including coal cotueieen ‘a woud é ‘ ° 16,895 “ 
Weight of mixture drawn from grate at end of test . ‘ F ‘ 204.3 “ 
Weight of good coal in this mixture . > : ° ‘ ° 56.0 “ 
Weight of coal burned in 24.93 hours . . e ° . . ‘ ° ° é 16,339 
Weight of ash, etc., from ash-pit - ‘ ° ° ° ° . 1,063.5 “ 
Weight of good coal in this . : ° ‘ ‘ ° ° ° ° 63 
’ Weight of water weighed in barrels in boiler room é ° . . ‘ ‘ ° 151,060 
Weight of leakage from feed pump . ° . ° ° ° ° P 1,440 
Weight of water put into boiler by feed pump . . . ‘ ‘ F + 149,620 
Weight of water returned to boiler from high pressure ‘Snalate, engine running, as deter- 
mined by separate test made immediately afterwards . é . ‘ ‘ P P ° 19,587 
Weight of water returned to boiler from high pressure jackets between time of starting 
boiler and of opening throttle (determined by separate test) . ° ‘ . . . 136 
Weight of steam used by economizer scraper engine . e P ° . ‘ P . 722 


401.5 lbs. 


“ 


TEMPERATURE. 


Average temperature of room . ° . . ° 
Temperature of outside air . . . 
Temperature of gases leaving boiler and cussing economizer . 
Temperature of gases leaving economizer . . . . 
Temperature of feed water entering economizer 

Temperature of feed water leaving economizer . 

Temperature of high pressure jacket returns entering beller 
Temperature of high pressure jacket returns leaving engine 


PRESSURE. 


Average pressure at throttle . . 
Average draught pressure in inches of a ° 
Barometer in inches of mercury, 30.25’” 

Pressure at starting boiler test . . 

Pressure at stopping boiler test 


Time starting boiler test . 5 : : ‘ : , : = ° F . ° . 8.30 A.M., May 1. 
Time ending test ; r . ; : . - ‘ . . 3 P ‘ - 9.26 * si 
Duration of test . ‘ ‘ é P . ‘ ° i ‘ ‘ P 2 P . . 24.93 hours. 
Time starting engine . 2 . . - . ‘ : P e . . ; . . 9.09 A.M., May 2. 
Time stopping engine . : ‘ 4 , ‘ - . - . : . P 9.26 “ ” 


Detait oF HEATING SURFACE IN BOILER. 


Fire-boxes ‘ F : 288 sq. ft. Area of grate ° . ° 68.75 sq. ft. 

Flues . P ; ° . 83 Area of inside cross soutien of 

Combustion dentin ‘ ‘ P 102 tubes ‘ ° i 8.49 = 

Tubes (fire side) ; . . . 2 Volume of water 6" ahve crown 

3ack tube sheet . ‘ P ‘ ; 33 sheet é ; . 617 cu. ft. 
ae Volume of steam space, water 6" 

Total heating surface . : . 2,849 sq. ft. above crown sheet . te 416 “ 








SFA Py SS FS 


~~ om om 
wn, O 


Edward F. Miller. 


ENGINE TEST DATA. 


WEIGHTs. 


Steam through cylinders (24 hours) ‘ 
Weight of drip, L. P. jacket (24 hours). 
Weight of drip, separator _ 
Weight of drip, working side, 1st receiver ta head 
Weight of drip, working side, 2d receiver (24 hours) 
Weight of water weighed for boiler in boiler room barrels (24.93 ee 
Make-up before starting engine test . ° , 
Water from engine room before starting engine test 
Water from engine room after ending engine test . 
Leakage at feed pump (24 hours) . 3 ° ° 
Steam used by calorimeter 
Steam required by plant for 24 hours, wine for H. P. its 


. 


Weight of returns from high intermediate rst receiver and 2d receiver jackets (24 nem) 


TEMPERATURES. 


Average temperature of engine room . ° 
Average temperature condensed steam lenving air pump 
Average temperature cold condensing water 

Average temperature hot condensing water . . 
Average temperature hot well water. . . . 
Average temperature feed water entering economizer . 
Average temperature feed water leaving economizer 
Average temperature jacket returns entering boiler 


Pressures. 


Barometer ° 

Pressure at throttle > ° 
Vacuum at condenser in Ins, of Hg. 
Pressure in 1st receiver . 

Pressure in 2d receiver . 

Pressure in L. P. jackets 

Pressure in H. P. jackets 


Temperature of water 

Average height of water on weir Seu Savini nd 
Width of weir water on weir . 

Area of cross section of water in weir os hens “ . 
Reading suction float (feet above marsh level) . 
Reading level in air chamber (above same level) . 
Discharge pressure in Ins. of Hg. ° . 
Pressure of 1 inch of Hg. 23.3° C. 

Feet of water to 1 pound pressure 


Steam Carbs, 


a L 
H Cc H C H Cc 
M. E. P. 59-58 54.52 22.61 21.33 10.66 11.18, 





Water Carns. 
ug L 
8 P 8 P 8 P 
M. E. P. 60.7. 61.1 61.7. 62.1 61.4 59.6. 
Total revolutions (24 hours) ‘ . a ; 
Revolutions per minute . 





128,471 lbs. 

3,656 
585 
3,118 
428 
151,060 
997 
454 
663 
1,440 
1,280 
146,226 
19,379 


52.6° §F, 
-9798 ft. 

» 100,026 ‘* 
603,354 Sq. ft. 
122.65 ft. 
145.87 ‘* 
100.88 

.4891 lbs, 
2.307 ft. 
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BOILER TEST RESULTS. 


(A) Quality of steam as obtained by calorimeter at throttle of engine 
(B) Total feed water put into boiler in 24.93 hours 

(C) B.T. U. putinto same . ° 

(D) Total return from jackets while engine was running 
(E) B.T. U. put into same . 

(F) Total returns from jackets while engine was ‘still 
(G) B.T. U. put into same 


149,620 
163,370,078 
19,587 
16,552,974 
. . . . ° ° . . 136 
. i ; ‘ ; oe 114,934 
(H) Total B. T. U. taken up from ont wa water in the boiler ‘ ‘ ‘ + > at 180,037,986 
(I) Total coal burned . 
(Iz) Coal burned, allowing for 200 —_— due to  deggling guns have 
(J) B.T. U. taken up by water per pound of coal burned 
(Ua) (J) Allowing for 200 pounds extra coal . : 
(K) Equivalent evaporation per pound of coal from and at 212° F. . 
(Kz) (K) Allowing for 200 pounds extra coal . 
(L) Probable excess of coal fired due to dropping of grate oe 
(M) Coal per square foot of grate per hour 


16,839 
16,639 
10,631.7 
10,820.2 
11,07 
11,20 
200 
9.8 


Five Gas ANALysis. (Average for each hour.) 


CO, Oo co CO, 
10.35“11.00 12.3 6.1 ° ‘ A 9.5 
11,00-12.00 12.7 4.8 ° i i 9-4 
12.00- 1.00 11.7 5-4 0.4 . ‘ 10.5 
1.00- 2.00 12.4 5-1 o.1 , J 6.0 
2.00- 3.00 13.1 4-4 ° y s 9.6 
3.00- 4.00 12.3 3.8 0.3 ; id 6.0 
4.00- 5.00 11.9 5-3 0.3 i \é 2.8 
5.00- 6.00 14.5 3.8 O.1 y - 5:3 
6.00- 7.00 11.7 6.6 0.3 5 R 3-3 
7-00- 8.00 8.7 9.8 0.3 . . 3.8 
8.00- 9.00 12.5 6.5 0.2 . \ 5-5 
9.00- 10.00 11.9 4.2 0.2 















(3) 















(5) 
| (6) 






(7) 

(8) 

(9) 

(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 













































































(17) 
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(19) 
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(21) 
(22) 
(23) 
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(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 



















































































(162) (16) Allowing for 200 pounds extra er ° 


(242) (24) Allowing for 200 pounds extra coal 


(342) (34) Allowing for 200 pounds excess of coal 
(352) Duty 24-hour test (figuring from displacement of water stnsiins, wn dite ne 200 
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ENGINE TEST RESULTS. 


Total revolutions in 24 hours 
Revolutions per minute ° 


H. E. c. E. 


Total H. P. of H steam cylinder . : . ; ‘ : ; - 80.78 + 70.08 
2 sae I steam cylinder . . P . ; . 97-05 89.09 
=: _ L steam cylinder . : ‘ . ‘ : ‘ 117.12 121.54 






Total H. P. of poy opposite Heylinder . 


‘ go.12 85.95 
ne ” Icylinder . . . ‘ F - 91.59 87.36 
eer ~ Leylinder . re ; ; ‘ . 87.90 86.94 


Total m : 

Steam through cylinders in 24 hours « 

Total steam through H, I, and L jackets in 24 one, ont digs foun wsilitng side ond 
jackets of reheaters 

Total steam for engine and jackets . 

Steam per I. H. P. for steam cylinders per cine . 

Steam required by plant for 24 hours, excepting steam used by high ‘atiinn 

B. T. U. required for the above, 146,226 (x +g — g) entering economizer 

Jacket returns to boiler in 24 hours ° 

Temperature of returns entering boiler . 

B. T. U. required for above (x7 + 9 — ¢ 369. 6), 19,370 . 

Total B. T. U. required by plant in 24 hours 

B. T. U. taken up from 1 pound of coal 

Coal required for 24 hours 


. 


Cubic feet of water over weir in 24 hours 

Weight of 1 cubic foot of water at 52.69 F . 

Capacity of pump in gallons per 24 hours at agen “a 50.59 revelations per minute 5 (oul 
culated from weir) ° 

Displacement of pump plongues b in cubic feet i in 24 heute ’ 

Resistance overcome expressed in feet of water . 

Foot-pounds of water work done in 24 hours 

Duty (foot-pounds of water work done for 100 een onl) 


(23) Duty calculated, allowing for extra coal burned due to dropping grate bene 


Coal per steam horse power per hour (engine) 


. 


Coal per H. P. of actual water work done . 


(252) Coal per H. P. of actual water work done, allowing fob 200 in pease: entre ond 


Slip > 

Friction of engine, pump oelun ends piping up to dilteeny (useing H. P. of “on 
by taking for M. E. P. (srs. " the total head in we: 

Efficiency of mechanism . 

B. T. U. per H. P. per minute 

Thermal efficiency of engine 

Efficiency of a Carnot engine working ‘comin 175-7 enits gauge ‘aa 27. 25" vacuum, 

Per cent. efficiency of Carnot engine . ° 

Duty (foot-pounds per 1,000,000 B. T. U.) . ° 

Duty calculated by taking total coal used in 24.93 haa, - the total weil dane t by 
engine from time of opening throttle to time of stopping 


. ae 


pounds excess of coal) 


(362) Duty calculated from the total Saplnenves “x water ain hia: the ti time of iin 


the throttle and taking the total coal burned during the boiler test with 200 pounds 
allowance . . 






72,843 


NoTE. —(352) and (36g) are given so that these results may be compared with those from other pumping 
engines where no weir measurements were taken and the duty figured from displacements. 





59-59 


150.86 
186.14 
238.66 





575-66 





176.07 
178.95 
174.84 


529.86 
128,471 lbs. 


26,572 “ 
155,043 
11.22 
146,226 “* 
159,664,169 
19,370 lbs. 
369.6° F 
16,369,587 
176,033,756 
10,691.7 
16,465 lbs. 
16,269 ** 
2,809,370 
62.4 lbs. 


21,016,000 
2,861,640 
137.05 
24,025,507,490 
145,919,000 
147,677,000 
1.146 Ibs, 
zaxg “ 
aap, 
1.34 “ 
1.83 per cent. 


10.54 per cent, 
89.46 per cent. 
204.3 

20.76 per cent. 
31.51 per cent. 
65.9 per cent. 
141,855,000 


143,996,000 
145,727,000 


150,424,000 


148,438,000 
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STEAM CARDS. HIGH PRESSURE. Nos. 6 anp 7. 


SCALE 120. CRosBy INDICATORS. (Late pattern). 





H. E. 
Per cent. cut off. 

cz 
Per cent. cut off. 


Length. 

Per cent. cut off. 
Length. C. E. 
Per cent. cut off. 
Length. H. E. 
Length. 








Lo 

ue 
oe 
eo 


S 
aan 
© 
ao 


© 


n 
WwWwww 


Do DOOD 
wouUwwer eu 





RRUN 


SEeeesesess Pete) 


SSeseses 
N@N NNW 


8 
See 


re) 
wn 


3.00 
3-15 
3-30 
3-45 | 
4.00 | 
4-15 | 
4-30 | 
4-45 
5.00 
5-15 
5-30 
5-45 
6.00 





DOODS BOD BOD 


me Nw SO eS Dw wo 
COooooovsys Swe poooeess 


mRNA RNHOKRHSHRH SR NHW 


vn 


SHAH HUOWWRMOW WOW WE EOE EHOW OE WOO We 
B88 88 





2D © 
a] 


6.15 
6.30 
6.45 
7-00 | 
7-15 
7-30 
7-45 | 
8.00 
8.15 
8.30 
8.45 
g-00 | 
9-15 





=e NN RN ONwW Nw 
SESSLGSSLSLELS SLL PE SLVLsSs RE SVLHIS 


LPOoCoovoooooDos 


nN 
2 
ao 


n 
QAR AW 


Se 











Wo WW WW WW WW WW WWW WW WW WWWWWWWWWWWWWWW WW WW WWW 
Ge WW) WD WW WH WW WW WW WW WWW WWW WWW WWW WWW WWW WH HW HWW WW ww 


WWD © ox 
Zw 
Zeger sss 
AUS ODOOOS 
o 


96 
93 
gr 
go 
g2 
‘97 
92 
93 
93 
gz 
94 
94 
-94 
.92 
gt 
-93 
gt 
.go 
g2 
92 
92 
94 
go 
94 
94 
go 
92 
-92 
86 
92 
.88 
go 





mon 


Total, 380.39 | 3,634.85 
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STEAM CARDS. INTERMEDIATE. Nos. 8 anp 9. 


SCALE 30. Crosby INDICATORS. 














| | 

. tx = S rr . u 

= ; S) ; = ‘ 5S | : 

; é 4 : 4 ' 

E : e 3 S E 2 g gs | ¢ 

= < a < 4 = < a < | a 
9.15 2.98 3.88 2.87 3.98 9-45 2.98 3-93 2.82 3-99 
9.30 2 98 3-90 2.80 3-98 10.00 2.85 3-94 2.80 3-96 
9:45 2.96 3-94 2.82 3-96 10.15 2.91 3-92 2.80 3-99 
10.00 2.91 3.81 2.83 3-98 10.30 2.96 3-95 2.79 3-99 
10.15 3.03 3.88 2.86 3-96 10.45 2.96 3-95 2.77 3-98 
10.30 3.01% 3-91 2 80 3-98 11.00 3.02 3-92 2.82 4.00 
10.45 3.00 3-91 2.80 3.98 11.15 3-04 3-91 2.81 3.96 
11,00 2.99 3-90 2.80 3-97 11.30 3-03 3-92 2.82 3-97 
11.15 2.96 3-90 2.80 3-98 11.45 2.98 3-95 2.82 3.97 
11.30 3.02 3-92 2.77 3-99 12.00 2.99 3-94 2.78 3-97 
11.45 3.01 3-90 2.74 3-98 12.15 3.00 3-95 2.82 3.96 
12.00 2.98 3-90 2.77 3.88 12.30 2.94 | 3.98 2.86 3.98 
12.15 2.95 3-92 2.72 3-88 12.45 2.98 | 3-94 2.80 3.98 
12.30 2.97 3.90 2.78 3-96 1.00 2.97 3-92 2.84 3.98 
12.45 3.00 3-91 2.80 3-97 1.15 2.80 3-94 2.75 3.98 
1,00 2.95 3.94 2.78 3.98 1.30 2.98 3-90 2.78 3-97 
1.15 2.98 3.93 2.78 3.98 1.45 3 00 3-94 2.80 3-99 
1.30 2.91 3-92 2.76 3-99 2.00 3.02 3-82 2.82 3.98 
1.45 2.90 3-95 2.78 3-98 2.15 2.97 3-92 2.80 3-99 
2.00 2.93 3-95 2.80 3-98 2.30 3.00 3-93 2.86 4.00 
2.15 2.91 3-96 2.81 3-99 2.45 3-01 3-94 2.82 3-97 
2.30 2.93 3-95 2.79 3-97 3-00 3-00 3-94 2.74 3.98 
2.45 2.93 3-94 2.80 4.00 3-15 3.00 3-95 2.82 4.00 
3.00 2.97 3-97 2.80 3-97 3-30 2.95 3-92 2.83 3-96 
3-15 2.93 3-95 2.79 3-98 3-45 3.00 3-94 2.88 3.98 
3-30 2.93 3-97 2 80 3.98 4.00 2.99 3-92 2.84 3.96 
3-45 2.97 3-94 2.80 3-99 4-15 2.98 3-93 2.81 3-97 
4.00 297 3-96 2.80 3-98 4-30 2.96 3-94 2.86 3-96 
4-15 2.96 3-94 2.81 3-95 4-45 2.93 3-94 2.79 3.96 
4.30 2.95 3-97 2.81 3-98 5.00 2.94 3-95 2.88 3.98 
4-45 3-04 3-95 2.79 3-97 5-15 3.00 3-94 2.80 3-95 
5.00 3.00 3-95 2.81 3.96 5-30 3.24 3-94 3.06 3.99 
5-15 3-00 3-95 2.78 3-90 5-45 3-17 3-95 3-08 3-95 
5-30 2.97 3-95 2.84 3.98 6.00 3-06 3-95 2.90 3-95 
5.45 2.97 3.96 2.83 3-97 6.15 2.95 3-96 2.88 3.98 
6.00 2.95 3.95 2.81 3-97 6.30 2.95 3-94 2.90 3.98 
6.15 2.95 3-98 2.81 3-98 6.45 2.85 3-95 2.75 3.99 
6.30 2.90 3-94 2.81 3-97 7-00 2.82 3-95 2.68 4.00 
6.45 2.93 3-93 2.82 3-97 7-15 2.85 3-96 2.75 3-97 
7.00 2.93 3-92 2.80 3-98 7-30 2.97 3-96 2.82 4.00 
7-15 2.94 3-96 2.83 3.98 7-45 2.95 3-94 2.84 3-98 
7-30 2.93 3-93 2.84 3.99 8.00 3.03 3-97 2.94 3-99 
7-45 2.97 3-97 2.81 3.96 8.15 2.97 3-96 2.83 3-98 
8.00 2.91 3-93 2.81 3.96 8.30 2.94 3.95 2.86 3-97 
8.15 2.99 3.92 2.86 3-99 8.45 2.94 3-95 2.90 3.98 
8.30 2.96 3-94 2.84 3-98 9.00 3.10 3-95 3.00 3.98 
8.45 2.95 3.96 2.80 3-97 9-15 3-54 3.96 3-40 3-99 

9.00 2.95 3-95 2.82 3-98 
9-15 2.95 3-97 2.81 3-94 

9-30 2-94 3-93 2.82 3-97 | Total, | 288.47 381.78 274.03 385.45 





















































STEAM CARDS. 


SCALE Io. 


LOW PRESSURE. Nos. Io AND It. 


CrosBy INDICATORS. 


Duty Test on the Chestnut Hill Pumping Engine. 











































































































he : = , |? : = : S) : 
s s g s . s s 
bo F be Py é bo « bo Z « oe = ba 
5 2 § | 2 Fi 2 Fi & 4 S 2 Ff 
- < 4 ~ < 4 < 4 = < 4 < = 
. 3-90 | «+++ | «+++ | §.30] 4.14 | 3-87 | 4.48 | 3.90] 1.45 4.20 3-94 4:44 3-93 
4: 3.90 | 4.28 | 3.98 | 5-45] 4-16 | 3.88 | 4.38 | 3.91 | 2.00 4.09 3-90 4-47 3-91 
4 3.91 | 4.26 | 3.82 | 6.00] 4.14 | 3.87 | 4.36 | 3.92 2.15 4.13 3-90 4-31 3.92 
4: 3-91 | 4.25 | 3-81 | 6.15] 4.17 | 3-89 | 4.47] 3-92 | 2.30 4-13 3-90 4.49 3-91 
4- 3-91 | 4.20 | 3.99 | 6.30] 4.15 | 3-90] 4.45 | 3-92] 2.45 4.10 3-90 4-45 3-90 
4: 3-92 | 4.15 | 3-82 | 6.45) 4.22 | 3.88 | 4.39 | 3-98 | 3.00 4.12 3.90 4-39 3-90 
4- 3-94 | 4.25 | 3-94 | 7-00] 4.20 | 3.92 | 4.30] 3.90] 3.15 4:14 3-87 4-35 3.89 
4: 3-92 | 4.23 | 3-84] 7.15 | 4.16 | 3.90] 4.39 | 3-94] 3.30 4.09 3.90 4.38 3-90 
4: 3-90 | 4.23 | 3.91 | 7-30] 4.17 | 3-91 | 4.35 | 3-92 | 3-45 4:17 3-90 4:37 3-88 
4- 3-90 | 4.22 | 3.83 | 7-45| 4-14 | 3.87 | 4.36] 3.90 | 4.00°| 4.12 3-89 4-31 3.86 
4. 3-91 | 4.22 | 3.91 -00 | 4.18 | 3.90 | 4.48 | 3.92 | 4.15 4.08 3.89 4-39 3-92 
| 4. 4-02 | 4.23 | 3-90 | 8.15) 4.15 | 3-90 | 4.39 | 3-93 | 4-30 4-13 3-90 4-29 3.88 
4- 3-90 | 4.39 | 3-97 8.30 | 4-21 | 3.92 | 4.39 | 3-92 | 4-45 4.12 3-90 4:35 3-95 
4. 3.88 | 4.40 | 4.04 | 8.45| 4.16 | 3.90] 4.34] 3.95 | 5.00 4.12 3-91 4-36 3-93 
4 3-91 | 4.38 | 3.98 | 9.00] 4.16 | 3.88 | 4.39 | 3.91 | 5.15 4.08 3.89 4.28 3-86 
4. 3.88 | 4.39 | 4.01 9-15 | 4-14 | 3.87 | 4.40 | 3.91 | 5.30 4.38 3-89 4-51 3.87 
4 3-88 | 4.41 | 3.98 | 9.30) 4.14 | 3-89 | 4.38 | 3.95 | 5.45 4.30 3-88 4.56 3-93 
4 3-89 | 4.42 | 3.96 | 9.45] 4.22 | 3-88 | 4.39 | 3-91 | 6.00 4.11 3-90 4.39 4.01 
4. 3-87 | 4.43 | 3-95 | 10.00] 4.12 | 3.99 | 4.41 | 3-92 | 6.15 4.08 3.89 4-35 3.90 
4 3-92 | 4.45 | 3-92 | 10.15 | 4.12 | 3-85 | 4.47 | 3-95 | 6.30 4.06 3-89 4-28 3-90 
4. 3-90 | 4.44 | 3.90 | 10.30] 4.10 | 3.89 | 4.38 | 3.92 | 6.45 3-96 3-88 4.25 3-93 
4. 3-95 | 4.41 | 3-99 | 10.45| 4.16 | 3.91 | 4.44 | 3-92 | 7.00 3-95 3-90 4.20 3-98 
4- 3-90 | 4.40 | 3-93 | 11.00] 4.16 | 3.88 | 4.40] 3.91 | 7.15 3.96 3-90 4-27 3-97 
| 4 3-89 | 4.45 | 3-91 | 11.15 | 4.16 | 3.90 | 4.53 | 3-94] 7-30 4.15 3-89 4-33 3-91 
| 4. 3-92 | 4.40 | 3.90 | 11.30| 4.15 | 3-89 | 4.48 | 3.95 | 7-45 4.12 3-90 4-35 3-90 
| 4.18 | 3-89 | 4.42 | 3-91 | 11.45 | 4.17 | 3.88 | 4.40 | 3.90] 8.00 4.03 3-88 4-33 3-92 
4 3-88 | 4.43 | 3-94 | 12.00] 4.18 | 3.90 | 4.46] 3.94 | 8.15 4-11 3-94 4:35 3-90 
4 3-88 | 4.40 | 3.90 | 12.15 4.18 | 3.89 | 4.39 | 3.92 | 8.30 4.03 3.88 4-36 3-94 
4 3-90 | 4.39 | 3.92 | 12.30| 4.17 | 3.90 | 4.45 | 3.90 | 8.45 4.02 3-90 4-33 3-91 
4. 3-92 | 4.41 | 3.91 | 12.45 | 4.16 | 3.90 | 4.51 | 3.95 | 9.00 4.16 3.87 4-49 3-95 
4. 3-88 | 4.42 | 3.94 | 1.00] 4.18 | 3.90] 4.45 | 3-94] 9.15 4-71 3-86 4-95 3-97 
4 3.86 | 4.39 | 3-90 | 3.15 | 4.07 | 3-90 | 4.35 | 3-90 
4. 3.87 | 4.41 | 3-93 | 1.30| 4.16 | 3.92 | 4.42 | 3.95 | Totals,| 403.24 | 378.08 376.49 
TEMPERATURES. 
| pe c | n | ~ a] | a bet rat 
: y. | Cbs aa ae * 3S oe 
Ce Om | So Che © fae o a nd 
° XO | 2 | ° 29 = —;: Ee 
g 2 me, |} 2 2 +. of of 
Ss . Ss. | vo Ss 2 og P~4 g = 8 
eo m1 3 | $5 $3 25 $5 = = 
3.2 f> | sf be | $2 | 2 Fo Be 
s a8 eg | as s | 88 | 88] as os | a§ = 
bE g8 Ee ‘s &| 62 | 62 | Ss] 8 | $8 Sa 
a = se | & Be | = m | m oe 
9 319 305 370 12.15 320 308 372 12.30 22.4 
10 320 309 370 1.15 320 308 | 372 1,30 22.1 
11. 322 296 370 2.15 320 308 372 2.00 21.9 
12. 322 306 372 3-15 | 319 306 372 3.00 22.0 
“a 322 308 370 4.15 319 306 372 4.00 22.0 
a 322 309 370 6.15 319 306 371 5.00 21.4 
$. 322 309 370 7-15 319 306 372 6.00 23.0 
4- 322 309 370 8.15 | 319 306 372 7-00 
5. 320 308 372 9-15 318 304 | 371 8.00 ‘ae 
6. 320 308 372 ooo 308 282 | 334 9.00 5,126 
7. 320 308 372 10.00 
8, 320 308 372 11,00 | -ag.9°C. 
320 308 372 Total, 7:992 7:647 | 9,246 | 12.00 | 
320 308 372 | | 1.00 
320 308 372 ~=S«S| Av., 319.7 305.9 | 370.6 2.00 
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SPRINGS 100 AND 8o. 


Edward F. Miller. 


WATER CARDS. 





CrosBY INDICATORS ON ALL BUT L. S. AND L. P. 





9.15 
9-45 











, = . * a a : vi : a 
wi x . x wi a a a vi di pe ij 
= : = ; - : - ; 4 : = ; 

4 2 s € 2 s 

a Oe a bo i) a4 a be a bo 
2G ae. 5 5 s)/8 i) ¢) él ¢€ 
< s < 4 a 4 < 4 < 4 

bs sens can aot 3.86 3.86 2.47 3.87 2.26 3.80 
2.17 3-56 2.20 3.88 3.87 3-86 2.38 3.87 2.27 3.76 
2.16 3-59 2.36 3.84 3-92 3.88 2.35 3.86 2.26 3-73 
239 3-90 2.34 3-83 3.88 3.85 2.34 3.87 2.26 3-76 
2.36 3-88 2.34 3.88 3.88 3.86 2.37 3-87 2.30 3-74 
2.41 3.90 2.38 3-90 3.88 3.86 2.36 3.88 2.24 3-73 
2.30 3.88 2.34 3-88 3.88 3.86 2.36 3-87 2.26 3-73 
2.34 | 3.88 2.34 3-88 3-90 3-86 2.38 3.87 2.28 3-73 
2.41 3.88 2.35 3.87 3.90 3.86 2.37 3.86 2.26] 3.73 
2.36 3.88 2.34 3.88 3.86 3.84 2.35 3.87 2.24 3-73 
2.38 3-88 2.37 3.88 3.87 3.86 2.39 3-90 2.28 3-73 
2.34 3-88 2.36 3-88 3-88 3.87 2.40 3.86 2.29 3-72 
2.41 3-88 2.32 3 86 3-86 3.88 2.36 3.87 2.28 3-73 
2.34 3-88 2.36 3.87 3.89 3-86 2.38 3.86 2.28 3-73 
2.41 3.88 2.39 3.88 3.85 3.86 2.34 3.87 2.29 3-71 
2.41 3.88 2.31 3-88 3.88 3.86 2.36 3.86 2.26 3-73 
2.38 3-90 2.34 3-86 3.88 3.86 2.36 3.86 2.24] 3.73 
2.33 3-90 2.35 3-86 3.88 3-88 2.38 3.87 2.26 5.93 
2.39 3-90 2.33 3-82 3.87 3.84 2.36 3.86 2.22] 3.73 
2.41 3-90 2.37 3.83 3.86 3.86 2.36 3.86 2.24 3-73 
2 42 3-90 2.30 3-84 3.88 3.86 2.35 3.86 2.26 3-73 
2.39 3-90 2.39 3-84 3.87 3.80 2.39 3.87 2.22 3-73 
2.39 3-90 2.34 3-85 3-88 3.84 2.37 3-86] 2.25] 3.73 
2.39 3-90 2.50 3-90 3.88 3.86 2.35 3.86 2.28 3-73 
2.41 3-90 2.30 3-84 3.88 3.86 2.36 3.86 2.25 3-73 
2.41 3-90 2.38 3.84 3.88 3.86 2.37 3.86 2.26 3-73 
2.39 3-90 2.34 3.80 3.86 3.86 2.37 3.86 2.28] 3.73 
2.41 3-90 2.30 3.84 3.86 3 86 2.36 3.87 2.29 3-72 
2.36 3-90 2.33 3.83 3.86 3.86 2.35 3.87 2.30 3-74 
2.32 3-89 2.33 3 84 3.86 3.88 2.39 3.85 2.20 3-71 
2.38 3-89 2 40 3-82 3.88 3.86 2.50 3-84 2.37] 3.70 
2.43 3.86 2.34 3.81 3.84 3-82 2.29 3-84 2.20 3-70 
2.33 3-86 2.34 3.81 3.86 3.84 2.31 3.82 2.36 3.70 
2.39 3-90 2.35 3.82 3.89 3-84 2.38 3.86 2.23 3-70 
2.38 3.87 2.34 3.82 3-88 3-86 2.35 3.86 2.15 | 3-70 
2.40 3-87 2.35 3.83 3-89 3.82 2.40 3.84 2.27 3-72 
2.34 3.88 2.34 3.82 3-89 3.82 2.31 3.86 2.25 3.69 
2.37 3.88 2 32 3.81 3.87 3.82 2.33 3.86 2.15 3.64 
2.32 3-87 2.35 3.84 3.88 3.82 2.35 3.86 2.30] 3.72 
2.38 3-88 2.34 3-83 3.89 3.82 2.40 3-86 2.28 3-69 
2.34 3.88 2.31 3.83 3-90 3.86 2.30 3.86 2.26 3-68 
2.37 3-88 2.32 3.83 3.88 3-82 2.31 3.86 2.19 3-66 
2.36 3-88 2.35 3.84 3-90 3.86 2.37 3.86 2.21 3.66 
2.37 3-87 2.30 3.82 3.87 3.86 2.40 3.86 2.26 3.67 
2.40 3.86 2.39 3.82 3.92 3.84 2.34 3.84 2.20 3.64 
2.36 3.90 2.40 3.83 3-96 3-83 2.41 3.86 2.14 3.66 
2.40 3.88 2.35 3.82 3.86 3.83 2.30 3.86 2.26 3-66 
2.39 3.89 2.34 3.82 3-91 3.83 2.45 3.87 2.24 3-68 
2.32 3.86 2.36 3.82 3.86 3.84 2.31 3.84 2.15 3.65 
2.31 | 3.87 2.35 3.82 3.84 3-83 2.40 3-84 2.18] 3.66 
2.32 | 3.87 2.30 3.82 3.88 2.39 3.84 2.18 3-66 


















































AQUuMUUNbAREWWWW NNN SB 


a 


an 


2.28 
2.30 
2.31 
2.25 
2.40 
2.38 
2.36 
2.36 
2.37 
2.34 
2.38 
3.39 
2.42 
2.32 


2.34 | 


2.36 
2.37 
2.34 
2.37 
2.38 
2.39 
2.34 
2.34 
2.37 
2.32 
2.29 


2.30 | 
2.42 | 
2.36 | 


2.34 
2.34 
2.38 
2.35 
2.37 
2.38 


226.41 


Duty Test on the Chestnut Hill Pumping Engine. 


WATER CARDS. Nos. 12 To 17. — Continued. 


SPRINGS 100 AND 8o. 



























































CrosBY INDICATORS ON ALL BUT L. S. AND L. P. 
Y ; 7 vi - 7 ie... _ | & 
= M } ms a, és w i a 4 
' = ; 4 P A - 
2 é = ra = 4 
oe 3 oh to é bo 3 bo a ba 
& o Ss Ss 2 S Z S 7) f=} 
Pe < a 3 < Pe < A < = 
3.86 2.30 3.81 3.86 2.95 3.83 2.34 3.84 2.18 3. 
3.86 2.34 3.82 3.87 2.96 3.83 2.40 3.86 2.21 3. 
3.86 2.35 3-82 | 3.89 2.95 3.83 2.34 3.84 2.19 3. 
3.86 zag] 3. 3-90 2.97 3.84 2.35 3.84 2.10 = 
3.86 2.35 3.80 3-90 3-01 3-85 2.35 3.88 2.20 3. 
3.87 2.35 3.81 | 3.88 3-01 3.83 2.44 3.87 2.22 3. 
3-90 2:42 3.80 3.86 3.00 3.84 2.28 3.86 2.19 3. 
3.89 2.31 3.80 | 3.87 2.98 3-84 2.38 3.86 2.17 3 
3.90 2.38 3.80 3.88 2.98 3-84 2.31 3.86 2.20 3 
3.88 2.34 3-82 | 3-92 3-01 3-85 2.42 3.88 2.07 3 
3.88 2.38 3.80 3.87 2.99 3-84 2.83 3.84 oo 
3-74 2.38 3.82 3.87 3-04 3-84 2.50 3.87 2.14 3 
3.88 2.32 3.80 3.88 3-10 3-84 2.26 3.86 2.02 $. 
3.84 2.35 3.80 | 3.83 3.00 3-82 2.34 3.88 2.11 3. 
3.74 2.33 3.82 | 3.92 3.02 3-82 2.41 3.88 2.11 3: 
3.92 2.33 3.82 3.96 2.99 3-84 2.35 3.87 2.02| 3. 
3.90 2.35 3.80 | 3.96 3.03 3-85 2.34 3.88 1.94 3 
3.90 2.33 3.82 3.93 3.05 3.85 2.32 3.88 2.06 3. 
3-92 2.34 3-82 | 3-97 3.02 3-84 2.36 3.87 1.93| 3. 
3.90 2.34 3.82 3.96 2.99 3-84 2.36 3.88 2.02 3. 
3-90 2.35 3.82 3-94 3-00 3-86 2.37 3-88 2.04 a. 
3.88 2.32 3.80 | 3.96 3-01 3-82 2.44 3-87 2.15 3. 
3.90 2.32 3.80 3-95 2.99 3-83 2.42 3-87 2.15 3. 
3-92 2.33 3-80 | 3-97 3-04 3-84 2.40] 3.87| 2.09] 3 
3.92 2.38 3.80 | 3-97 3-04 3-82 2.36 3.86 2.18 3. 
3.90 2.36 3.80 | 3.94 3.04 3.84 2.39 3.88 2.10| 3. 
3.90 2.40 3.80 | 3.96 2.95 3.82 2.36 3-87 2.14 3. 
3.92 2.31 3.80 | 3-95 2.95 3.85 2.33 3.88 2.15 3. 
3-92 | 2.3% 3.80 3-92 3.01 3.82 2.40 3-87 2.12 + 
3-90 2.32 3.80 3-97 2.96 3-84 2.40 | 3.88] 2.07] 3. 
3.90 2.32 3.82 3.88 2.98 3.82 2.40 3.88 2.11 3- 
3-94 2.32 3.78 3.88 3.01 3.82 2.40 3.87 2.18 a 
3-90 2.35 3-78 | 3.86 3.02 3.82 2.40 3-85 2.12 3. 
3-90 2.31 3.80 3.88 2.96 3.84 2.42 3.86 2.18 3 
3-90 2.30 3.80 3.88 2.98 3.84 2.41 3-86 2.11 3 
3-90 2.30 3.80 3.92 2.94 3.84 2.32 3-86 2.11 3. 
3.90 2.28 3.80 | 3-92 2.95 3.82 2.30 3.86 2.06 3. 
3.90 2.26 3.80 3-91 2.94 3.84 2.26 3.86 2.14 3. 
3.90 2.31 3.82 3.94 3.02 3.85 2.40 3.87 2.00 3- 
3-90 2.34 3.82 3.92 3.00 3.84 2.38 3.88 2.06 3- 
3.90 2.30 3.80 3-92 3-00 3.83 2.36 3-86 2.08 $. 
3.90 2.30 3.80 3-94 3.02 3.85 2.43 3.85 2.10 3 
3-90 2.30 3.80 3-92 3.04 3.84 2.38 3.86 2.12 4. 
3-92 2.30 3.80 3-92 3.02 3.84 2.40 3.87 2.08 3- 
3.90 2.30 3.78 3-90 3.00 3.82 2.34 3.86 1.90 3- 
3.88 2.32 3-78 | 3-93 2.96 3.83 2.40 3-86 2.08 3. 
224.46 289.21 230.07 


209.48 | 209.48 | 351.24 








60.7 


61.4 


59.6 
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Edward F. Miller. 


SUCTION LIFT. No. 1. 





Reading. 





6.30 122.82 
6.45 122.77 
7.00 122.83 
7.15 122.84 
7.30 122.85 
7-45 122.74 
8.00 122.70 
8.15 122.64 
8.30 122.66 
8.45 122.62 
9.00 122.60 
9.15 122.66 











Total, 11,896.99 


Av., 122.65 





























DISCHARGE HEAD. No. 





Difference 
Difference 
Difference. 
Difference 

Difference. 
Difference 











Total, 9,785.79 
Av., 100.88 


Inches of 
mercury. 



































Duty Test on the Chestnut Hill Pumping Engine. 


LEVEL IN CHAMBERS ABOVE MARK. No. 26. 


























| 10.00 


10.15 
10.30 
10.45 
11.00 
11.15 
11.30 
11.45 
12.00 
12.15 
12.30 
12.45 


1.35 
1.30 
1.45 
2 














| Reading. 


146.4 
146.3 
145.6 
144.9 
144.5 
144.5 
144-5 
144.6 
144.6 
144.6 
144.6 
144.6 


14,149.2 


145.87 





TEMPERATURE CONDENSING WATER 


AND CONDENSED STEAM. 


No. 18. 





hot 


condensing water. 


F. 
condensing water. 

OF. 
densed steam. 

oF, 
Temperature cold 
condensing water. 


condensing water. 
OF, 


Temperature cold 


& 
° 
rm) 
o 
= 
3 
= 
2 
E 
oO 
ia 


Temperature hot 





| Temperature 





oF. 





hot 


steam. 
condensing water. 


densed 


oF. 
OF, 


condensing water. 
oF, 


Temperature cold 
Temperature con- 


| Temperature con- 
Temperature 





steam. 


densed 


oF. 

































































Edward F. Miller. 


CCUNTER, PRESSURES, Etc. No. 3. 





Pressure in L. P. 


in first 
in con- 
in con- 


in 


L. P 
in first 


receiver. 

receiver. 
receiver. 
receiver. 


Pressure in second 
denser. 


Revolutions. 

Pressure 

Pressure at throttle. 
Vacuum 

Pressure 
Revolutions. 
Pressure 
Pressure in second 
Pressure at throtile. 
Vacuum 





OrAnams >: 


27.15 
27.20 
27.20 
27.21 
27.24 
27.22 
27.25 
27.22 
27.22 
27.25 
27.22 
27.25 
27.25 
27.25 
27.25 
27.26 
27.25 
27.25 
27.23 
27.25 
27.23 
27.23 
27.22 
27.25 
27.25 
27.22 
27.22 
27.25 
27.22 
27.25 
27.25 
27.25 
27.29 
27.37 
27.30 
27.32 
27.29 
27.24 
27.34 
27.30 
27.29 ; 
27.31 . 735 
27.36 
27.35 Total, | 72,843 
27.31 | 
27.28 Totals, 4,506.6 | 230.5 | 17,143 | 2,642.71 
27.31 | 
27.27 Av., 46.46 2.38 | 176.73 | 27.25 
27.24 | 

27-25 I 
27.31 — 
27.32 Cor. av., 175.7 
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Reading of counter at 9.09, 422,741. 
Reading of counter at 9.26, 496,257. 
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100 Edward F. Miller. 
CALORIMETER. 
. & P =] 
2 ° 4 es : 4 
5 2 3 3 . 5 £ Py 2 : 
a 3 a a g 8 o a « ve 
o 8 2 oo 3 o 3 3 ~~ s 
= = 3° = rf) ° 
a 2 rey <y a = 7 g fo c 
; 5 2 # = ; . oe 2. s a 
v ve aI = eo eo vo P| = ve 
E| 3 ge. E 2 is} 4S Be eece. 
e& | @ ma o te i) = = & °o m 
10.30 | Started. 3.06 175 155 
10.40 175 155 : 3.07 175 155 
10.41 175 155 -988 15 min. | 3.08 | Shut off. 
10.42 175 155 eee 5-52 | Started. 
10.43 176 154.5 6.04 175 155 
10.44 175 155 6.05 175 155 
10.45 | Shut off. 6.06 175 155 
11.47 | Started. 6.07 175 155 
12.02 174 155 . 6.08 175 155 
12.03 174 155 ‘ 20 min. | 6.09 | Shut off. 
12.04 174 155 oes 7.48 | Started. 
12.05 174 154.8 ° 8.05 175 155.1 
12.06 174 155 ee 8.06 174 155.2 
12.07 | Shut off. 8.07 173 155.2 
2.46 | Started. 8.08 173 155.2 
3-03 175 155 8.09 174 155.2 
3.04 175 155 8.10 | Shut off. 
3-05 | 175 155 22 min. 
Total time in use, 159 min. 
EXTRA READINGS FOR STATION 
“ 4 Se} ~ 5 85 » 4 Sr} 
3 3-8 3 3-5 3 a7 
| EBs s. | S8¢ ¢. | gee 
= he =*8 by on 2&8 om Bg 
sO eer So eee so ocr 
B a) a * oO 7) 2 
eo on” my eo on” rT o a 
& oF os & os os3 oF E223 
& & & & & & a o 
10.45 151 7-15 126 54 132 
11.00 | 138 50 7.30 148 52 148 
11.15 | 137 40 7-45 148 53 146 
11.30 117 50 00 126 54 146 
11.45 125 50 8.15 160 57 150 
12.00 | 125 50 8.30 128 53 146 
12.15 155 50 8.45 138 53 142 
12.30 152 45 9.00 144 53 131 
12.45 141 55 9.15 150 52 140 
1.00 122 53 9.30 154 54 148 
1.15 121 53 9-45 123 56 139 
1.30 122 52 10.00 137 54 154 
1.45 158 51 10.15 140 53 141 
2.00 167 60 10.30 150 56 128 
2.15 150 31 10.45 131 58 151 
2.30 127 56 11.00 164 52 138 
2.45 126 56 II.15 138 53 149 
3.00 131 55 11.30 134 55 141 
3-15 152 54 11.45 136 56 137 
3.30 15! 50 12.00 152 59 140 
3-45 146 55 12.15 140 58 138 
4-00 135 57 12.30 152 57 136 
4.15 128 54 12.45 130 54 134 
4.30 140 54 1.00 150 54 
4-45 139 53 1.15 141 54 12,713 
5.00 136 52 1.30 145 54 
5.15 125 52 1.45 144 54 
5.30 133 54 2.00 126 54 139.7° 
5.45 121 54 2.15 142 50 
6.00 150 53 2.30 126 53 
6.15 125 53 2.45 156 54 : 
6.30 153 54 3.00 144 54 140.7° 
6.45 136 55 3-15 130 54 
7.00 122 53 3-30 148 53 
4 3 eee e 
soe? eos. > 
” @ e,e 
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Duty Test on the Chestnut Hill Pumping Engine. IOI 


JACKET TESTS. May 2. 




















' Time. Reading. | Difference. Time. Reading. Difference. 
Engine Stopped. Engine Running. 
. —s 
hms | | hms, 
1,14,0 | 0.45 eee | II, 49, 11 ° 3.0 
: I, 15, 10 1.00 “55 m, 90 | 3.0 cu. ft. 1.0 
1, 21,0 | 1.73 -73 12, 6, 30 4.0 1.0 
I, 24,0 1.88 «15 12, 9,4 | 5.0 | 3.2 
1, 28,0 2.13 +25 12, 19, 5 | 8.2 1.8 
1, 34,0 2.37 24 | 42,27,17 | 10.0 Opened valve to blow out. 
15 39) 0° 2.62 25 12, 29,0 .03 | Valve closed. 
1, 44,0 2.83 .21 12, 34,20 | 1.0 | 97 
1,51,0 | 3-12 +29 12, 38, 55 2.0 1.00 
3, 54,0 | 3-24 «aa 12, 42, 28 3.0 1.00 
| —_ 12, 47, 34 4.0 1.00 
2.79 12,5949 | 8.0 : 4.00 
3, 425 | 9.0 1.00 
1, 9,30 | 9-45 0.45 
.065 average for 1 min. Total, 78’-36’". Total, 19.42 cu. ft. 
For 39 min., 8.30 to 9.09 = 2.5 cu. ft. Av., .247 cu. ft. per min. 


2.5 cu. ft. X 54.41 lbs. = 136 lbs. Jacket steam in 1,457 min. total engine time = 360 cu. ft. 


Total, 360 cu. ft. at 54.41 lbs. = 19,587 lbs. 


LOW JACKET TEST. 


Engine Stopped. 











Time. Reading. Difference. 
rr’, 207" .20 
41’, 20"" 1.03 .83 
30 min, 





Engine Running. 














54, 50 +20 | 
5, 40 1.00 } 80 
6,15 35 _ | 
- 18 
24, 45 i 1.00 82 
25,15 — 
| +14 | 
| 
46, 15 1.04 | -go 
47,30 75 — | 
07 
| . - . 30 1.00 +93 
| , 
II, 20 14 
76, 30 .20 .06 


170 secs. | 





73-40’ = time running. 3.51 cu. ft. 
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STEAM IN SMALL ENGINE. No. 20. 


Edward F. Miller. 
































| 
Time — turned Weight of cold water. | Weight of hot water. | Time steam shut off. | Weight of steam. 
| — a ® 
: 
8.32 1,144 1,176 10.00 32 a° 
10.07 | 1,026 1,068 11.37 42 
11.45 | 1,063 1,107 1.15 44 
1.21 1,115 1,161 3.01 46 
3-07 1,092 1,138 4.31 46 
4-37 1,040 1,090 6.12 50 | r 
6.18 1,043.5 1,092 7.48 48.5 
7-54 1,054 1,117 9.54 63.0 
10.01 1,091 1,142 11.31 51.0 | ; 
11.37 1,079 1,130 1.07 51.0 , 
1.14 1,095 1,136 2.44 41.0 
2.51 1,137 1,180 4.21 43.0 
4.28 1,155 1,206 5.58 51.0 
6.07 1,064 1,114 7.39 50.0 2 
7-45 1,021 1,063 925 42.0 : 
| 700.5 ; 


700.5 pounds in 23.3 hours, 
722 pounds in 24 hours, 


oe ee, 
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DRIPS. 
po ; t 
SEPARATOR. First RECEIVER. SECOND RECEIVER. 
, ia } | ] | ie as 
4 | | | 
: | | 
q | | 
. | | , Ent 
2 < g z = Ss | 3 aa g 
FA ce i = > 2 e | > $ 2 
“ a 4 2 ‘ = 2 2 P = 2 = P 
si'e/silgiaiziég!| @1/ai2lai ¢ 
ca a | m - = | a a | & = ol Mika. B 
| | | 
| h.m.s. | | hms. h, m.s 
e .60 15 +45 9g, 00 sees +19 | 9, 00 eeee +27 9, 00 
| 43 9, 15 | cess +40 -21 9, 15 eeee +35 08 9, 15 
1.05 62 10, 29, 10] 1.10 +70 9,274 | 1.02 67 12, 22, 5 
.12 10, 29, 25 | 17 9, 28} +23 | 12, 24, 30 
1,01 89 12, 26 | 1.10 -93 9, 55 1.00 :77. | «3, 51, 00 
| 07 | 12, 26, 40 | +19 9) 55) 47 .06 | 3, 51,50 
| 1.07 | 1,00 2,22,30| 1.10 -9I | 10, 24, 50 1.13 | 2.07 | 3 33) 30 
} } 08 | 2, 22, 50 | sat | 10, 25, 30 +10 | 7, 14, 25 
, 1.05 | 1.07 4, 50, 15| 1.10 -98 | 10, 56, 25 1.10 1.00 | 10, 41, 10 
+09 4, 51, 10] .16 10, 57, 10 +15 } | 10, 42, 10 
III 1.02 7, 17,00| 1.10 95 | 11, 25 1.14 |} .99 I, 55, 00 
| «ff 7, 18, co -08 II, 25, 40 +05 | Ty 56, 30 
1.10 | 95 99 40, 50} 1.10 1.02 | IIT, 54, 40 1.14 1.09 5) 04, 10 
}; 0 | 9, 41, 40 +13 TI, 55, 25 +05 | 5» 05, 30 
Li { | 1.08 11, 58,00] 1.10 +97 | i2, 22, 45 1.10 1.05 | 7,56, 40 
j} +%0 II, 59, 00 +05 12, 23, 35 +19 7s 579 45 
1.18 | 1.08 2, 30,12] 1.16 I.II | 12, §7, 30 -68 49 9, 15 
| +20 2, 30, 40 05 12, 58, 40 ¢ eer 
1.18 | -98 4) 42,20] 1.13 1.08 I, 29, 30 80 12 9, 26 
09 4, 44, 20 +07 T, 30, 30 
1.09 | 1,00 7, 26,00} 1,11 1.04 3, 47, 38 
| .08 7) 27, 50 .06 1, 48, 10 | 
-63 55 9) 15 1.12 1.06 | 2, 26, 43 | 
} 63 | .08 2, 26, 30 
63 | } ° 9, 26 | 1.12 1.04 | 2, 45, 35 
! | .10 2, 46, 15 
| | 1.10 1.00 3, 22, 30 
} +10 3, 23, 10 
1.10 1.00 | 3, 49, 10 
| .05 3) 50, 00 
| | 4.5% 1,06 4, 20, 45 
| | +16 4, 21, 30 
| | 1.16 1.00 4, 48, 00 
| | oIt 4, 48, 45 
| 4.12 1.0% 5, 17, 00 
+12 5) 17, 40 
> | | 4.32 1.00 5, 45, 30 
| 2 | | 5, 46, 15 




















Serre 










































































104 Edward F. Miller. 
DRIPS. — Continued. 
First RECEIVER. First RECEIVER. Low JAckET. 
< “a 3 - at ry 3 “t ny 
$ e g > 2 2 5 g 2 
wo 2 4 ‘ = 2 2 ‘ = 2 4 ‘ 
= g =e | £€ | & 3 £ = z & g 
a ra) Aa | & | & 4 Qa mh a = fa) = 
h. m. s. h.m.s. | h. m. s 
1.13 1.01 6, 13, 00 | +13 9, 00 
12 6, 13, 40 97 | gt | 2,32, 10 +70 57 | 9 35 
1.16 1.04 6, 40, 30 09 2, 32, 50] 1.10 +40 9, 23, 20 
| «35 6, 41,05] 1.16 1.07 | 2, 59, 42 +02 9» 23, 55 
1.14 | +90 7s 07, 15 +05 3,00, 15) 1.10 1.08 9, 46, 55 
| 06 7,07, 45 | 1-33 1.08 | 3, 28, 00 +05 9» 47, 25 
1.15 1,09 7» 38, 10 -06 3, 29, 30} 1.10 1.05 10, 9, 35 
| 12 7 38,45 | 1614 1.08 | 3, 55, 40 +02 10, 10, § 
%15 | 1.03 7, 05, 30 08 3, 56, 45| 1.10 1.08 | 10, 27, 45 
| “QkE 7,06, 10} 1.15 1,07 4, 23, 05 +10 10, 28, 14 
1.13 1.02 8, 33, 40 +05 4, 24,00] 1.10 1.00 | 10, 54, 10 
.20 8, 34, 15 1.14 1,09 4) 50, 40 +14 10, 54, 40 
1.13 93 8, 41, 10 06 4) 51,40} 1.10 -96 II, 14, 45 
10 8, 41, 50 1.15 | 1.09 | 5, 18, 10 14 II, 15, 16 
1.16 1.06 8, 58, 30 .08 5,19, 10] 1.12 -98 | 11, 26 
.08 8, 59, 10 1.15 1,07 5) 51, 10 +12 11, 26, 56 
1614 1 06 Qs 27 05 | +07 5, 52,08] 1.12 1,00 II, §7, 40 
II 9) 27,45 | 1-14 :07 6, 14, 35 +15 11, 58, 20 
1.16 | 1.05 9) 559 30 | 09 6, 16, 00] 1.10 95 12, 18, to 
| Ir 9, 56,25 | 1.12 1.03 6, 39) 35 15 12, 18, 40 
1.16 1,05 10, 25, 20 | +07 6, 40, 40] 1.12 97 12, 20, 17 
| 10 10, 26, 0 | 114 1.07 7» 07, 30 032 12, 20, 47 
1.16 | 1.06 10, 55, 50 06 7, 08, 30] 1.11 1.00 3, 240 
+13 10, §6,50| 3.14 1,08 7 345 05 II Iy 2,10 
ag | 1.01 11, 25, 00 06 77> 35) 14] 2 1.00 I, 23 
.08 11,25, 40| %eI4 1.08 8, 00, 30 +09 £5: 28532 
1.13 1.05 II, 52, 30 07 8,01, 21} 1.10 1,01 1, 445 45 
09 11, §3,20| 1.16 IIT 8, 27, 25 06 1, 45, 15 
1.13 | 1.04 12, 20, 00 05 8, 28, 30] 1.15 1,09 2, 8, 50 
| 07 12, 20, 50] 1.08 1.03 8, 52, 22 -07 2, 9,17 
1.16 1.09 12, 49) 05 04 8, 53, 15] 1.11 1.04 2, 31,3 
10 12, 49, 50 51 47 9, 06, 10 08 2, 31, 30 
1.13 | 1.03 I, 17, 00 .07 9, 06, 34) 1.10 1,02 2, 52, 30 
+15 I, 17, 50 35 28 | 9, 15 +07 2, 54, 10 
1.14 -99 I, 42, 48 35 eo ee 1,12 1.05 3, 15, 30 
} +07 1, 43, 40 40 +05 | 9, 26 +09 3, 16,0 
1.14 1.07 2, 09, 03 1.10 1.0% $5 37S 
-08 2, 09, 50 | +09 35 37) 35 
| 






































cca Canal 
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DRIPS. — Concluded. 





Low JACKET. 


Low JACKET. 


Low JAckeT. 





1.13 
1.15 


1.14 


















































| 
: o { = : 3 = o 
7) Q | @ 7} Q 2 i.) Q 
Fi A ; 2 5 5 2 5 5 
= o 6 _] ge o 3 = pe o 6 
é 2 £ 2» 4 =I & 2 & 9 E 
a a ial | as a = = a ia) - 
h. m. s | h.m. 8. h. m. s. 
1.03 3,59, 15] 1.14 1.06 | 11, 55,354 1-14 1.09 8, 04, 05 
02 35 59% 45 08 11, 56, 25 05 8, 04, 52 
1.14 4,25, 00] 1.12 1.04 12, 18,05] 1.14 1.09 8, 29, 20 
10 4, 26, 15 08 12, 18, 45 06 8, 30, 10 
1.08 4, 50,00] 1.12 1.04 12, 40,30| 1.12 1.06 8, 54, 00 
+09 4, 50, 35 +10 12, 41, 10 +10 8, 54) 50 
1.03 5, 12,10] 1.12 1.02 I, 02, 10 +64 +34 9 07, 40 
+03 5, 12, 50 +10 I, 02, 40 +07 9, 08, 08 
1,09 5,39 5 1.12 1.02 1, 44, 40 41 +34 9, 15 
+03 5, 36, 50 +09 I, 25, 40 41 eee 
1.14 6, 01, 20| 1.13 1.04 1, 48, 10| 1.06 65 | 9,26 
08 6, 02, 00 .07 1, 49, 15 
1.04 6, 24, 95 1.14 1.07 2, 11,29 
07 6, 24, 35 06 2, 12, 05 
1.06 6, 47, 00 1.09 1,03 2, 33, 38 
+13 6, 47, 35 -06 2, 34, 24 
1,02 7, 10,00] 1.14 1.08 2, 58, 23 
+10 7, 10, 30 .05 2, 59, 10 
1.04 7, 33,35 | 034 1.09 3,23, 10 
-08 7) 33> 55 +06 3, 23, 56 
1.04 7,56,20| 1.14 1.08 | 33 47s 00 
10 7s 57, 00 +05 3, 47, 38 
1.02 8, 13, 55 1.14 1.09 4, 11, 46 
09 8, 14, 05 +05 4, 12, 20 
1.05 9, 04, 30] 1.14 1.09 45 36, 35 
05 9, 05, 00 07 4; 37, 20 
1.12 | 9,29,35| 1.14 1.07 | 5,01, 05 
05 9, 30, 20 +04 5, 02, 00 
1.07 9) 53, 40| 1.14 1.10 5, 26, 15 
.08 9) 54, 50 .06 5) 27, 23 
1.10 10, 23,20] 1.18 1.12 5» 53, 00 
.08 10, 24, 20 .05 5) 53, 56 
1.04 10, 46,00] 1.14 1,09 6, 14, 50 
+04 10, 46, 50 .07 6, 15, 30 
1.08 10, 09, 40 1614 t.07 6, 43, 40 
+10 10, 10, 15 05 6, 44, 35 
1.02 11, 31,45] 1.14 1.09 7; 09, 40 
.08 II, 35, 25 04 7 10, 42 
1.14 1.10 7» 36, 52 
105 | 7,38, 15 
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Edward F. Miller. 









































WOOD FIRED, ASHES, Erc. No. 20. 
z en es ‘ & faeces ‘ 
: ee) s 14 13 Pi eee. (2-12 
3 gS = s | gS = 
S$ |/32}/s |2 | 4 |42/%3 |3 | 3 
we: | Ets ‘8 ma sg | tg] + ‘S 
8 #8 «= - S S S os 6 
; a” =° Ones ae Pi ; a a? Dlegj =e Py 
2 ay es ae Os ee >| 4) es ee Os 2s 
—€ | 35 | 32] 28) 38 |) £8 | &£ | Se | TE) eh | os | ES 
a 3 5 2 = = = = 3 3 z = 
= | 
3.30 | 401.5 | | | 
8.30 | 1,717 1,717 8.30 4.30 1,575 | 1,575 4.30 
9.00 E92 1,025 | §.00 | 1,429 146 | 
9-00 1,744 1,744 9.00 | 1,429 | | 
9.30 1,255 489 | 5.30 | 992 437 
9.30 1,255 | 6.00 992 | 
10,00 | 1,196 59 6.00 | 692 300 | 
10.00 1,196 | 6.00 1,575 | 1,575 | 6.00 
10.30 | 1,072 124 6.30 | 15297 278 | 
10.30 1,072 1,297 | | 
11.00 845 227 | 7-00 | 994 303 | 
11,00 845 | ae | 
11.30 692 153 | 1,566 11.30 | 7.30 0 | 692 302 
11.30 1,566 | 7.30 1,674 | 1,674 7-30 
12.00 | 1,212 354 8.00 | 1,304 370 
12.00 1,212 | 1,304 | 
12.30 | 692 520 | 1,698 12.30 8.30 | 955 349 
12.30 1,698 | | 8.45 955 
1,00 | 1,473 225 | 8.45 692 263 i 
1,00 2673 | 8.45 1,633 1,633 8.45 
1.30 1,111 362 9.00 1,538 95 
1.30 1,111 | | 1,538 
2.00 692 419 1,543 2.00 9.30 1,155 | 383 
2.00 1,543 1,155 
2.30 | 1,173 370 | 10,00 841 314 
2.30 | 1,173 | 10.00 | 1,653 | 1,653 | 10.00 
3.00 908 265 | 10.30 1,277 376 
3-00 908 | 1,297 
3-15 692 216 | 11,00 946 | 331 
3-15 | 1,659 | 1,659 3.00 946 | 
3.30 | 1,450 209 | x4.15 692 | 254 
3.30 1,450 | | 11.27 1,688 | 1,688 11.27 
4.00 } 1,085 365 | | 11.30 1,638 | 50 
4.00 1,085 | | 1,638 | 
4.30 | 692 393 | | | 12,00 1312 326 
| | | | 1,312 | 
| | 12.30 1,015 297 
| | | 3015 | 
| 1,00 692 | 323 
} 


naan aerate eee 





1 401.5 = pounds of wood. 
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WOOD FIRED, ASHES, Etc. No. 20.— Continued. 





| 
} 
| 
| 



































z “ae | ~ ' | u 2 ae | 3 
| 2 cs | 2 | 2 | 3 | é se | 8 
|} & | &&e - = E Be | = 
4 2 [3 | 3 can é = |* 
a: ss | —_— ‘3 S7 sa | 
i Be OF ee % 2s | 28 | = 
29 | b=) eee te . | s ba] a | Seed 
é By =o | =B | BE | eof | ¢ rel my | =¥ 
& ce SE |.ee | SS | £2 | £ o§ ee | 2a 
= 2 ah ee 2 B” | & 2 » 1? 
1,442 1,442 1.03 1,259 | 
1.30 1,018 424 8.30 962 297 
1,018 | 962 } 
2.00 692 326 9.00 774 188 
2.05 1,566 | 1,566 2.05 
2.30 1,090 | 476 | macials 
1,090 
3.00 865 | 225 | 
865 
3.12 692 | i aa | 
1,714 | | | 1,714 3-15 | 
3.30 1,576 138 | 
1,576 | 
4.00 1,165 4ir 
1,165 
4.30 842 323 | 
842 
| 
| 692 150 
4-47 1,662 | | 1,662 4:47 
5.00 | 1,417 245 | | 
1,417 | | 
5.30 |} 15037 | + 380 
1,037 | 
5.45 | 823 214 
| 823 
5.49 692 13 | 
1,587 | 1,587 5-50 
6.00 | 1,387 200 | 
1,387 
6.30 . | 1,164 | 223 | 
1,164 | 
7.00 903 | 261 | 
7-19 903 | 
692 | 21 | 
1,725 1,725 7:23 
7.30 | 1,636 | 89 
1,536 | 
8.00 1,259 377 | 
Total, 16,734 ++ 161 = 16,895 pounds fired, including wood. 
Coal and Ashes (from grate). 
Weight of barrow | Weight of barrow : | Weight of barrow | Weight of barrow : 
No. 1, and refuse. No. 1, empty. Difference. | No. 2, and refuse. | No. 2, empty. | Difference. 
| 
| | 
248 138 | 110 203.5 | 89 114.5 
From under the grate. 
ras _ : er | 
Weight of barrow | Weight of barrow : Weight of barrow | Weight of barrow | ,,.- 
No. 1, full. | No. 1, empty. Difference. No. 2, full. No. 2, empty. | Difference. 
| | | fr 
300 138 162.0 233 89 | 144.0 
285 138 147.0 238.5 89 | 149.5 
285 138 147.0 252.5 89 } 163.5 
288.5 138 150.5 sees eee owed 





Total weight from grate 224.5 pounds, } of 224.5 considered good coal = 56.0 pounds. 
Total weight from ash-pit 1,063.5 pounds, yy of 1,063.5 good coal = 63 pounds. 
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BAROMETER TEMPERATURES. No. 24. 
































a) So Su Su Su | By 
° my wo? 0° 0°? 0? 
Se : ER fs i} 2 
S » | ~ -5 
“ rte ae % 8 wa S 23 | sa 
: : 58 g | 82 | Ss # | 5° | Ss 
z og a5 ; é as | 2g : Z as | og 
Fs 2 ES ES Fs 2 ES | &s FS 2 BS | &3 
= cc on eo = © os 9° = © oo eo 
& = a & B ios) & a a e | & 
No. 62,354 | No. 61,501 
Cor. Cor. 
0°-0.2 0°-o. 1 6.15 30.29 24.9 6.0 4.15 | —0.2 
100°-0.3 100°-0.0 6.30 30.29 25-3 6.0 4.30 30.23 21.0 | —oO. 
9.00 22.1 6.45 5-9 4-45 | 255 | —oO4 
9-15 25.0 8.7 7.00 26.0 5.8 5.00 30.23 —oO.5 
9.30 25.0 9.2 745 26.2 5.6 5-15 —0.2 
9-45 26.5 8.9 7-30 26.1 5-6 5-30 21.6 0.0 
10,00 26.8 9.0 7-45 30.29 5-0 5-45 30.23 20.1 0.2 
10.15 26.8 9-3 8.00 24.8 4:2 6.00 30.24 1.0 
10.30 27.0 9.8 8.15 30.29 24.4 4.1 6.15 1.5 
10.45 26.8 9.8 8.30 3-8 6.30 21.9 2-5 
11.00 27.3 10.3 8.45 30.29 25.2 3-0 6.45 30.25 3.0 3-5 
11.15 30.27 27.2 10.5 9.00 30.29 25.6 2.6 7.00 3-9 
11.30 26.8 10.1 9-15 2.4 7-15 43 
11.45 26.8 10.0 9.30 25.3 2.4 7-30 24.0 5-5 
12.00 26.8 10.0 9-45 25.3 2.0 7-45 30.25 24.0 5:3 
12.15 270 9.6 10.00 2.6 8.00 6.9 
12,30 27.1 9-4 10,15 30.27 2.2 8.15 6.9 
12.45 9.0 10.30 24.5 1.8 8.30 25.0 75 
1,00 30.30 9-7 10.45 24.5 2.0 8.45 30.23 25.0 8.0 
1.15 25.2 9-7 11.00 | 30.26 1.5 9.00 8.x 
1.30 8.7 11.15 1.2 9-15 8.9 
1.45 8.5 11.30 24.6 0.8 
2,00 8.1 11.45 24.3 0.8 
2.15 g.0 12.00 30.25 1.5 
2.30 26.8 8.1 12.15 30.25 1.0 Total, | 907.61 | 1,381.7 | 405.6 
2.45 30.30 8.2 12.30 24.1 1.2 
3.00 8.1 12.45 30.25 23.5 0.7 Ae, ir saad = 
3-15 8.2 1.00 0.5 
3.30 25.6 7.8 1.15 0.8 
3-45 30.29 26.0 7:5 1.30 30.25 23.4 0.7 
4.00 75 1.45 23.9 0.2 
4.15 25.5 7-4 2.00 30.24 0.2 
4.30 25.5 71 2.15 0.0 
4-45 30.29 2.30 24.0 o.1 
5.00 30.29 7-0 2.45 30.24 23-5 0.0 
5-15 25.2 6.8 3-00 0.0 
5.30 25.5 6.8 3-15 —0.3 
5-45 6.7 3-30 30.23 23.0 | —0.5 
6.00 6.5 3-45 21.9 | —0.3 
4.00 30.23 —o.8 
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BOILER WATER AND MAKE-UP. No. 19. 





ene aes 









































; + . 7 
= - 3 5 a 2 
£ } = = CG} 
“ > Zz 5 a > Zz = 
6 a 8 8 6 c. 8 S 
Z 5 z a Zz § 8 Z 
3 5 2 z . 5 A 
5 S = g E $ = £ 
a) 4 = a =) a A a 
atl | 
875 tal 454 | Engine test 
— | began 
1,146 875 27r | 9-15 815 390 425 9-15 
935 430 505 tees 1,353 370 983 9.30 
rn 1,310 432 878 sees 718 388 330 9-45 
E 1,305 427 878 10.15 1,247 375 872 10.00 
1,311 425 886 10.45 1,404 418 986 10.30 
1,351 411 940 11.00 1,515 386 1,129 10.50 
1,205 405 800 11.15 1,450 387 1,063 11.10 
1,510 409 1,101 11.40 1,313 372 941 11.25 
1,510 416 1,094 12.05 1,533 390 1,143 11.45 
1,470 419 1,051 12.30 1,523 383 1,140 12,15 
x 1,047 427 620 12.40 821 380 441 12.35 
i 1,321 432 889 12.50 1,219 384 835 12.45 
1,512 429 1,083 1.10 1,560 360 1,200 12.55 
1,485 720 765 1.45 1,526 718 808 1.30 
1,500 417 1,083 2.00 1,551 381 1,170 1.50 
- 1,090 432 658 2.10 853 390 463 2.05 
1,440 422 1,018 2.20 942 367 575 2.15 
1,512 738 774 2.35 1,538 371 1,167 2.30 
1,565 432 1,133 3-05 1,542 1,209 333 2.55 
nd 1,512 417 1,095 3-25 1,653 374 1,279 3.10 
x woke eoee seks sees 1,516 377 1,139 3-30 
: 1,512 421 1,091 3-40 1,548 370 1,178 3-55 
1,422 415 1,007 4-10 1,520 373 15147 4-25 
1,565 408 1,157 4-30 1,563 362 1,201 4-40 
1,505 410 1,095 4-45 1,550 780 77° 4.50 
: 1,507 471 1,036 5.10 1,633 393 1,240 5-20 
1,537 426 1,11 5-30 1,628 396 1,232 5-35 
: 1,531 430 1,101 5-45 1,573 392 1,181 6.00 
‘ 1,530 479 1,051 6.20 1,636 383 15253 6.30 
4 1,416 413 1,003 6.35 1,184 392 792 6.40 
1,132 417 715 6.45 1,515 384 1,131 7.00 
1,534 827 707 7-15 1,694 1,295 399 7-20 
1,480 1,410 70 7-22 1,705 1,540 165 7-25 
1,570 475 1,095 7-30 1,635 565 1,070 7-35 
1,500 729 | 771 7-50 1,632 363 1,269 8.00 
1,507 463 | 1044 8.05 1,177 385 792 8.15 
1,035 4320 603 8.20 890 397 493 8.25 
} 1,145 424 | 72t 8.30 1,556 392 1,164 8.40 








a" 











| 
| 











110 Edward F. Miller. 
BOILER WATER AND MAKE-UP. No. 19. — Continued. 
= “ 3 = a 3 
3 . a 3 : a 
= ° = = ° 
- 5 Z § S 5 Zz § 
6 i o Ss 6 & o 5 
Z E FS 2 a E 2 a 
3 ve 5 = 3 a £ 5 
o o Oo eo 
5 é = E 5 S = £ 
io} Zz A a = a a a 
1,534 436 1,098 8.55 1,624 376 1,248 9.10 
1,513 416 1,097 9.15 1,003 388 615 9.20 
1,010 421 589 9-25 1,007 383 624 9-30 
1077 420 657 9.40 1,650 662 988 9-50 
1,534 800 734 10.00 1,618 385 1,233 10.10 
1,547 413 1,134 10.15 1,019 372 647 10.20 
763 408 355 10.30 520 372 148 10.35 
560 400 160 10.38 1,030 369 661 10.40 
1,473 455 1,018 10.45 1,590 382 1,208 11.00 
1,322 413 11.15 1,578 397 1,181 11.25 
1,541 420 1,121 11.40 1,652 366 1,286 11.55 
1,543 414 1,129 12.00 1,504 386 1,118 12.05 
1,103 403 700 12.15 1,092 364 728 12.20 
1,118 415 703 12.25 1,209 390 819 12.35 
19243 411 832 12.45 1,065 368 697 12.50 
1,368 408 960 1.04 1,138 361 777 1.12 
1,017 407 610 1,21 1,330 369 961 1.30 
1,242 409 833 1.38 1,080 368 7i2 1.45 
955 417 538 1.50 776 369 497 1.53 
807 497 400 1.57 905 363 542 2.00 
1,086 411 675 2.03 1,107 362 745 2.08 
868 405 463 rer 966 364 602 2.20 
1,088 416 672 2.26 1,083 362 721 2.34 
970 412 558 2.42 740 452 288 2.50 
918 412 506 2.53 783 372 411 3-00 
812 404 408 3-02 1,200 345 855 3.08 
1,158 405 753 3-15 1,145 362 783 3-22 
1,080 412 668 3.30 3047 356 691 3-39 
1,079 412 667 3-45 1,084 359 725 3-50 
815 425 410 3-56 776 348 428 4-02 
857 497 450 4.05 811 359 452 4-12 
856 4%4 442 4:20 3060 361 699 4:25 
1,139 407 732 4-30 1,000 350 650 4.36 
1,047 403 644 4°45 1,008 363 645 4-50 
1,017 410 607 4-56 961 357 604 5-04 
975 410 565 5-10 932 355 577 5-15 
953 410 543 5.22 940° 352 588 5-27 
1,461 401 1,060 5-37 1,195 346 849 5-42 
978 402 576 5-47 751 355 396 5-53 
650 411 239 5-54 952 351 601 5-58 
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BOILER WATER AND MAKE-UP. No. 19. — Concluded. 
































| | | i} « | ol < 
- = : 2] 4 | | 3 | g| $ 
& 6 | & te ES = = 
- | epee] Fle let OT B12 . E 
¢/Flelgi¢/#l] etal. : : 
Zz e S a a 3 | S a =) Ss as 
am | < 2 s 3 | i &téSs ; > 4 z 
: > | * Fe © PS - -. v 25 a o 2 
; Els|elelEls ||] 32] & = : 
4 &é | 2 A Sif |\*8 |S] 61.8 | a ra he 
2 es 
‘e 1,005 404 601 6.02 988 | 347 641 | 6.10 | 495 III 384 8.30 
# 785 421 | 364 6.15 585 | 341 244 | 6.18 457 127 330 to 
& 530 408 | 122 6.19 555 342 233 | 6.20 | 4 123 | 283 9.15 
be 687 405 | 282 6.25 698 367 331 | 6.27 | \ 
617 407 210 6.29 680 350 330 | 6.31 | 
850 411 | 439 +ee+ | 1,390 | 570 820 | 6.45 460 ae ee” a mer 
1,470 404 | 1,066 7.06 | 1,290 345 945 7-10 491 17 374 9.30 
1,152 41m | an 7-17 960 345 615 | 7.23 472 117, | 355 ace 
1,250 409 841 7.30 | 1,366 346 1,020 | 7.45 488 106 | 382 9-45 
1,295 438 | 857 | 7-50 | 1,216 | 350 866 | 7.58 469 m | go fF “se . 
1,085 412 673 8.03 | 1,235 345 890 | 8.12 | 487 116 | 371 | 10.00 
1,301 409 892 8.20 | 1,346 355 gg! 8.35 479 my CO 362 | 10.15 
1,121 4it 710 8.50 | 1,510 817 693 | 9.10 | 505 116 | 389 | 10.30 
1,558 1,230 | 328 9-15 1,462 700 762 | 9.25 | 510 116 394 | 11.15 
1,230 567 | 663 9-25 | | 478 114 | 364 | 12.40 
| 483 112 371 12.45 
498 115 383 | 2.10 
Water weighed for boiler for entire test on boiler, including make- 488 110 378 | 2.20 
up = 151,060 lbs. 507 110 397, | 3-05 
Leakage of feed pump = 1,440. 519 112 407 4.22 
Total water fed, 149,620 lbs. 509 110 399 5.50 
507 107 400 6.03 
506 107 399 8.25 
Sir 104 407 8.50 
510 195 315 9.00 











7,535 — make-up during 24 hours engine test. 
997 = make-up before engine started. 








8,532 = total make-up 24.93 hours. 
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Duty Test on the Chestnut Hill Pumping Engine. IT3 
WEIGHT OF COAL, BOILER PRESSURE, Etc. No. 20. 
Ss os Ss 
a ota > ota ° es 
: 3 : £3 : 3 
3 ae a ae a ee 
ra ihe 4 »» oa | 
aa aE ' a7 a ; oe a 
o o St. oe v Sh. ve eo fo 
BE | gt | See E ea | See | 6&6] ose | USES 
Pat Q am = a~ = is) eS} 
8.30 QI 322 6.00 184 373 3-30 184 373 
8.45 86 32m 6.15 184 373 3-45 185 373 
9.00 99 329 6.30 183 373 4.00 183 373 
9-15 173 366 6.45 183 373 4-15 184 373 
9.30 184 374 7:00 185 373 4.30 183 373 
9-45 185 374 7-15 185 373 4-45 184 373 
10.00 185 374 7-30 184 373 5.00 185 373 
10.15 185 374 7-45 184 373 5.15 181 373 
50.30 185 374 8.00 185 373 5-30 145 355 
10.45 185 374 8.15 184 373 5-45 160 360 
11.00 185 374 8.30 185 373 6.00 183 373 
11.15 185 374 8.45 185 373 6.15 185 373 
11.30 185 374 9.00 185 373 6.30 185 373 
11.45 185 374 9-15 185 373 6.45 185 373 
12.00 185 374 9-30 185 373 7.00 184 373 
12.15 185 374 9-45 185 373 7-15 183 373 
12.30 185 374 10.00 185 373 7.30 184 373 
12.45 185 374 10.15 185 373 7-45 185 373 
1.00 185 374 10.30 184 373 8.00 185 373 
1.15 185 374 10.45 185 373 8.15 181 373 
1.30 185 374 11.00 185 373 8.30 185 373 
1.45 185 374 11.15 185 373 8.45 182 373 
2.00 185 374 11.30 185 373 9.00 163 365 
2.15 184 374 11.45 185 373 9.15 117 343 
2.30 184 374 12.00 184 373 9-25 93 325 
2.45 185 374 12.15 184 373 
3-00 “ 374 12.30 > 373 
3-15 184 374 12.45 184 373 
Sab 184 pt aa ps a Total, 18,073 379432 
3-45 185 374 1.15 185 373 - 
4-00 184 374 1.30 184 373 
415 184 374 1.45 175 373 «| Avs 178.9 370.6 
4-30 185 374 2.00 183 373 
4-45 184 374 2.15 184 373 | COF. avy 369.6 
5.00 185 373 2.30 185 373 
5-15 183 373 2.45 185 373 
5.30 184 373 3.00 184 373 
5-45 183 373 3-15 184 373 
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FLUE GASES. Nos. 22 AnD 23. 
































¢ ie Fd a , 
a Le) ° © oes ie) ° ie) 
& | O ° oe) & Ss) | ° O 
! 
10.35 | 12.7 5.1 ° 9.00 11.0 9.0 ° 
| 12.6 5.2 ° 9-15 10.2 11.0 ° 
11.05 | 11.5 7-9 ° 9.30 14.6 2.8 ° 
11.15 15.1 3-4 ° 9:45 8.2 ILI 06 
11.30 11.8 5.8 ° 10.00 14.6 1.8 0.2 
11.45 13.2 5.6 ° 10.15 9.8 | 10.2 ° 
12.00 10.6 44 ° 10.30 10.4 | 9.4 ° 
12.15 13.0 5.0 ° 10.45 7-5 | 12.7 0.2 
12.30 13 6 1.4 1.4 11.00 10.2 96 ° 
12.45 12.6 2.8 0.2 1.15 9.2 9.2 0.4 
1,00 7:6 12.4 ° 11.30 7-4 13.6 ° 
1.15 10.4 4.8 0.4 11.45 10.8 8.6 ° 
1.30 14 5.2 ° 12.00 10.0 9.8 ° 
1.45 _ _ — 12.15 8.8 10.4 ° 
2.00 12.8 5.2 ° 12.30 9.2 9-5 .@ 
2.15 13-9 3.9 ° 12.45 9.5 1.7 ° 
2.30 13.3 1.5 0.2 1.00 14.6 2.9 ° 
2.45 12.5 41 ° 1.15 9-7 3-5 ° 
3-00 13.2 5.1 ° 1.30 8.7 7:9 0.3 
3.15 11.1 7:3 ° 1.45 2.0 8.0 ° 
3.30 13.3 1.3 0.8 2.00 3-5 13.5 0.2 
3-45 _- _ - 2.15 5.0 13.0 ° 
4.00 12.4 2.7 0.2 2.30 15.0 5.0 ° 
4.15 14.8 3-9 ° 2.45 6.5 9-5 ° 
4.30 13-3 1.9 0.2 3-00 12.0 6.0 0.4 
4-45 13.1 2.3 0.4 3-15 5.0 12.5 ° 
5.00 6.2 13.1 0.7 3-30 6.5 9.6 ° 
5.15 11.9 7:9 ° 3-45 3-5 10.0 ° 
5-30 15.2 28 0.2 4.00 9.0 10.0 0.7 
5-45 15.2 2.4 ° 4.15 45 8.5 ° 
6.00 15.7 2.1 ° 4.30 2.5 8.2 Ot 
6.15 14.8 II ° 4.45 2.8 7:9 0.2 
6.30 10.4 9-4 0.9 5.00 2.5 6.0 ° 
6.45 — _ _ 5.30 2.5 10.5 ° 
7.00 10.0 9-4 ° 6.00 8.0 10.2 ° 
7.15 9-9 6.7 0.8 6.30 4:5 11.5 Or 
7-30 7.00 2.0 12.3 ° 
7°45 6.6 12.2 ° 7.30 3-5 12.0 0.5 
8.00 9.6 10.4 ° 8.00 4.0 11.8 0.5 
8.15 8.6 11.4 ° 8.30 8.0 11,0 ° 
8.30 15.2 3.8 ° 9.00 3.0 12.0 ° 
8.45 15.0 1.6 0.8 
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& é | A “, 
£ i | p ge 
a o * & 
& i 3 : . 
& & E: g 8 
8 “ “ 5 é 2 = 
E E g s = § s 
a} = = | E o ~ z 
g.1§-10 1.0348 1.0355 248.03 10.30 52.0 10.068 
10-11 1.0347 1.0351 248.03 11.00 52.0 10.058 
11-12 1.0351 1.0354 | 248.03 11.30 52.3 10.063 
12-1 1.0356 1.0356 | 248.03 12.00 52.2 10.066 
1-2 1.0359 1.0356 248.03 12.30 52.0 10.066 
2-3 1.0353 1.0346 248 03 1,00 52.0 10.068 
3-4 1.0338 1.0333 248 03 1.30 52.0 10.038 
475 1.0325 1.0318 248.03 2.00 52.4 10.024 
5-6 1.0291 1.0293 248.03 2.30 52.5 10.040 
6-7 1.0329 1.0328 248 036 3.00 52.3 10.048 
7-8 1.0327 1.0325 248.035 3.30 52.4 10.064 
8-9 1.0353 1.0354 248.037 4.00 52.5 10.040 
g-10 1.0309 1.0315 248.033 4.30 52.5 10.041 
10-11 1.0322 1.0326 248.035 5.00 52.5 10.037 
11-12 1.0316 1.0321 248.034 5.30 52.8 10,052 
12-1 1.0346 1.0346 248.036 6.00 52.6 9-997 
1-2 1.0271 1.0263 248.023 6.30 52.7 10.034 
2-3 1.0326 1.0324 248.028 7.00 52.7 10.011 
374 1.0296 1.0297 | 248.026 7.30 52.7 10.002 
4-5 1.0298 1.0296 | 248.025 8.00 52.7 9.967 
5-6 1.0226 1.0227 | 248.017 8.30 2.6 9.972 
6-7 1,0202 I 0205 | 248.014 9.00 52.7 9-953 
7-8 1.0227 1.0222 | 248.016 9.30 52.9 10.015 
8-9 1.0289 1.0290 | 248 024 10.00 52.8 
979-15 1.0113 1.0089 | 248.008 10.30 52.8 
Rese = | 5E.Co 52.8 Av., 10.031 
| 11,30 52.8 239.981 
Av., 1.0310 + | 1.0310 + 248.030 12.00 52-9 
246.9831 246.9835 —.015 12.30 = 
Sa | | <a 52.8 Cor. av., 250.012 
Cor. av., 248.0141 | 248.0145 | 248.015 Pie 228 
247.0345 | 247-0345 247.0345 3.00 52.9 
ns ~ | 3.30 §2.8 
4.00 52.8 
Head on weir, -9796 | .9800 | -9805 4.30 52.8 
| 5.00 52.8 
5-30 528 
6.00 52.8 
6.30 52.4 
7.00 52.4 
7-30 52.4 
ro Pond ™ Ng PIPE. 
. 4, #00. : 
1 Mo% fs o& WATER, CO 7 190K AND PLATE. 
) TS 
2! |e mS 
e| |S Sed 
& 1 eo 
= 6 mo 2 
16 9 ay ry 
S12] Is $2 M 
“13 . 
r m 3§ 
AY 2 
z| lé = é' 
(7 —ve’ — 




















Mean height, floor to crest, 5.061’. 


Fic. 4. SKETCH OF WEIR. 





1 Hourly averages from 10 A. M., May 1, to 9 A. M., May 2. 


Mean elevation of crest of weir, 247.0345’. 
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ENGLACIAL DRIFT 
By W. O. CROSBY, S.B. 


Received April 15, 1896. 


INTRODUCTION. 


Amonc the unsolved problems of glacial geology none, perhaps, are 
more important or pressing at the present time than the relative abun- 
dance and significance of the englacial drift. Although this subject 
has received its due share of attention in the recent literature of the 
science, the views of the leading glacialists are still strongly con- 
trasted. Thus Chamberlin and others hold that the englacial drift 
was exceedingly scanty in amount, consisting chiefly of a few far- 
traveled, angular, and unglaciated bowlders now scattered over the 
surface of the drift; while Upham, the foremost exponent of the 
opposing theory, finds in the englacial drift the chief source of all 
the manifold forms of modified drift and also of drumlins. 

The arguments of those who minimize the englacial drift are based 
chiefly upon the local character of the drift, the supposed paucity of 
englacial drift in modern glaciers, and the mechanical difficulty of ac- 
counting for a differential upward movement in the ice-sheet whereby 
large volumes of basal drift or ground moraine became englacial. The 
cogency of these arguments is beyond question; and a careful study 
of the recent literature satisfies me that, as the case now stands, the 
onus probandi may fairly be said to rest upon those who regard the 
englacial drift as an important factor in Pleistocene geology. Still, 
the englacial drift accounts so satisfactorily for far-traveled erratics, 
and the derivation from it of the modified drift is, theoretically, so 
relatively direct and simple, that faith in its sufficiency cannot be 
lightly relinquished. 

In his recent paper on the “ Discrimination of Glacial Accumula- 
tion and Invasion,’? Upham has, it seems to me, made a substantial 
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contribution to the general theory of the Pleistocene ice-sheet; and 
my chief purpose now is to analyze this idea that the ice-sheet was, 
over a considerable part of the glaciated area, formed zm sztu by snow 
accumulation, trace it to its logical conclusions, and show that it also 
throws important light upon the more special problem of the englacial 
drift. 


PROBABLE EARLY HISTORY OF THE PLEISTOCENE ICE-SHEET. 


In this discussion a sharp distinction may properly be made be- 
tween mountainous tracts, like the Adirondacks, Green Mountains, and 
White Mountains, and the plain or peneplain surface characteristic of 
the greater part of the glaciated area. The first-named topographic 
type, although the more exceptional, may conveniently be considered 
first. 

In mountainous districts, or where the relief features are so 
strongly accentuated as to cause appreciable climatic differentiation, 
the general refrigeration of the climate, due chiefly, it is probable, to 
a marked elevation of the northern part of the continent, led first 
to the development of glaciers of the Alpine type in the higher val- 
leys. These descended, under the influence of gravity, below the 
climatic zone in which they originated ; as the level at which terminal 
ablation balanced the downward movement was gradually lowered, they 
became confluent ; and finally, emerging from the mountains, they de- 
ployed upon the plain country, forming relatively sluggish or stagnant 
piedmont glaciers. But the extension of the piedmont glaciers by 
simple invasion cannot continue indefinitely, for the reason that with 
progressive refrigeration the annual snowfall finally exceeds the annual 
melting over the plain country as well as the mountains; at first near 
the margins of the piedmont glaciers only, but gradually extending 
farther and farther from them. 

This cumulative snowfall, which mantled alike hills and valleys, and 
changed slowly through xévé to glacial ice, must have tended in some 
measure to check or arrest the motion of the ice which had flowed out- 
ward from the mountains. Owing, however, to the forward motion of 
the piedmont glaciers, as well as to their termination on tracts where a 
short time before ablation had been in excess of snowfall, they must 
have terminated somewhat abruptly or with high marginal gradients ; 
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and the conditions were, therefore, extremely favorable for their over- 
riding the new and still stationary ice-fields by which they were in- 
vested, in the manner indicated by the experiments of Favre, Bailey 
Willis, and others, on the compression and folding of sedimentary 
deposits of unequal thickness or rigidity.1_ The overridden tract or 
zone of ice must slowly acquire the motion of the overriding sheet, 
and thus in its turn come to override other tracts. In fact, it seems 
to me very probable that this process of overriding and absorption 
would continue almost indefinitely, extending, possibly, over a large 
part of the glaciated area. The only alternative views are that the 
piedmont glaciers became stationary, or that they were able by simple 
thrust to induce motion in the embryo and still sedentary ice-sheet 
across a breadth of hundreds of miles. The theory of overriding lies 
between these extremes. 


Assuming a uniform annual snowfall over the area of the sedentary 
ice-sheet, it is obvious that since its area is gradually extended south- 
ward by the progressive climatic refrigeration, while the annual ablation 
as gradually diminishes northward, its thickness must increase back- 
ward from the margin. To the surface gradient thus resulting must 
be added the southward gradient of the surface of the land, which was 


probably augmented by differential continental uplift. 

If, as Upham holds,? and as certainly seems most probable, the 
precipitation of snow over the growing ice-sheet was not uniform, but 
greatest for the first one hundred to two hundred miles inward from 
the margin, the surface gradient must have culminated on these 
peripheral tracts, diminishing gradually backward. This condition 
would, obviously, favor an early beginning of outward movement or 
flow in the marginal zone, and tend in an equal degree to retard 
motion in the central area. 

It seems a reasonable assumption that the period of the growth 
and culmination of the ice-sheet, equally with that of its waning and 
disappearance, must have witnessed marked climatic oscillations of 
long period. In fact, we would hardly be justified in supposing that 
the great crustal movement which gave us the Ice Age was steadily 
progressive, without interruption or reversal, until its final culmination. 





* See, also, Upham’s paper on “ Drumlins and Marginal Moraines of Ice-sheets,” Bull. 
Geol. Soc. of America, 7, 22. 
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During each period of climatic amelioration and increased ablation of 
the sedentary ice-sheet its margin must have retreated to the north- 
ward ; and since the ablation must have rapidly diminished northward, 
snowfall exceeding ablation within a few miles of the margin, we have 
here another efficient cause of a high marginal gradient; that is, pre- 
cipitation and ablation codperate to accentuate the frontal slope of 
the ice-sheet. Now, the chief factors in determining movement of the 
ice-sheet were, undoubtedly, its thickness and marginal gradient. We 
have few reliable data derived from observations on modern ice-sheets 
to indicate the magnitude which these factors must attain to inaugu- 
rate movement in an ice-sheet formed zz situ over such a dissected 
peneplain as is presented by the surface of a large part of Canada and 
the northern United States, many of the valleys having contrary or 
transverse directions. But the absence from a large part of the 
glaciated area of mountains or dominant heights of land requires us 
to assume that over considerable tracts the sedentary ice-sheet did 
eventually begin to flow without having experienced the overriding or 
shearing thrust of the piedmont ice-fields. The outward movement 
thus originating in the peripheral tracts during a period of excessive 
ablation must have extended backward, perhaps until it met the for- 
ward thrust of the piedmont glaciers. 

During a period of active growth of a sedentary. ice-sheet each 
annual snowfall advances its margin, and increases its thickness by 
amounts depending upon the distance from the margin. Although 
the zone of maximum precipitation does not necessarily coincide 
exactly with that of most rapid growth or maximum excess of pre- 
cipitation over ablation, we may assume that they would not be widely 
separated, and that the locus of most rapid growth would, therefore, 
be found at a moderate distance, say one hundred to two hundred 
miles from the margin. If we could only know the normal ratio of 
vertical to horizontal or areal growth, we might, assuming that climatic 
oscillations began at an early period of its history, reach a definite con- 
clusion as to the probable extent of the ice-sheet when it first began 
to move or flow outward. We may, however, attack the problem in 
another way. The equivalent of one foot of ice is, perhaps, not too 
large an estimate of the average annual excess of precipitation over 
ablation on the zone of maximum growth. Warm periods may arrest 
and reverse the areal growth while the central tracts continue to 
increase in thickness, though possibly at a diminished rate, thus 





120 W. O. Crosby. 


accentuating the frontal slope; that is, while cold periods must 
mean, on a plain country, relatively rapid horizontal growth and 
therefore a growth unfavorable to early movement, the ice-sheet be- 
coming proportionally thinner, a moderately warm period following 
a cold one means continued growth in thickness with a great reduc- 
tion of area and hence a growth especially favorable to early move- 
ment, the ice-sheet becoming proportionally thicker. It seems prob- 
able, therefore, that a warm period following a cold period of two or 
three thousand years duration would induce movement in the seden- 
tary ice-sheet, and that movement at this early period might affect 
almost simultaneously the peripheral and central tracts. 

Assuming now that movement of the ice-sheet was inaugurated 
during a warm period, and that the southern margin of the ice has 
retreated far to the north through ablation, developing a bold and 
aggressive front, it is obvious that the succeeding cold period must 
have caused a rapid extension of sedentary ice southward from the 
front of the moving sheet, and the former would inevitably be pro- 
gressively overridden and absorbed by the latter. It may be noted, 
also, that these phenomena would be repeated with each recurring 
climatic cycle. This section may be summarized as follows: 

The Pleistocene ice-sheet was formed zm sttu, by snow accumula- 
tion, over the main part of the plain country within the glaciated area. 
The motion which this sedentary ice-sheet subsequently acquired prob- 
ably originated in several ways. 

1. In the vicinity of the mountainous tra¢ts, through its being 
progressively overridden and absorbed by piedmont glaciers. 

2. At a distance from mountains and independently of piedmont 
glaciers, by the steepening of the marginal gradient, chiefly through 
increased ablation due to climatic amelioration. 

3. The cold period following each period of marked climatic amel- 
ioration and consequent recession of the margin of the ice-sheet must 
have spread a new sedentary ice-sheet over the deglaciated area, which 
would be progressively overridden and absorbed by the re-advance of 
the older sheet. 


BASAL RELATIONS OF A SEDENTARY ICE-SHEET. 


During the slow accumulation of the ice-sheet, and before it began 
to move, the ground beneath it, which must have been saturated with 
water, was probably frozen solid to a considerable depth, possibly 
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nearly if not quite to the bottom of the residuary soil or other 
surface detritus; that is, down to the firm rocks. There could have 
been no original plane of separation or movement between this frozen 
soil and the overlying ice-sheet, for the ice did not merely rest on the 
detritus, but extended down through it to the lower limit of frost. 
This point will probably be conceded by all who have noted the 
tenacity with which ice in winter adheres to the ground, pavements, 
etc., when the temperature is below freezing. 

Ice, in the thin sheets with which we are familiar, separates readily 
from the underlying soil in mild weather, while the subsoil still re- 
mains frozen, for the simple reason that the solar heat passing down- 
ward through the ice is arrested by the surface of the ground, causing 
a local rise of temperature along the contact between the ice and 
frozen soil. The operation of this principle evidently depends upon 
the thermal diaphaneity of the ice, and hence it does not in general 
admit of application in the case of snow, which is relatively opaque to 
both light and heat. Therefore, this cause of separation cannot be 
invoked in the case of the growing ice-sheet of the Glacial Period, 
since it was a necessary condition of its formation that the winter 
snows remained unmelted upon its surface, accumulating thus to a 
great thickness and slowly changing downward through névé to glacial 
ice. We must suppose, then, that from the top of the ice-sheet to the 
lower limit of frost in the soil was one solid’ mass — ice above and ice 
and soil below. 

It may safely be assumed that over the glaciated area in preglacial 
times, as now in lower latitudes, the superficial detritus or soil was 
chiefly the residuary product of quiet chemical decay. This is equiv- 
alent to saying that it consisted chiefly of clay and sand. Hard, 
angular fragments of rock, such as are so common in the till, were 
wanting, and the rounded, bowlder-like nuclei of decomposition must 
have been of rather rare occurrence at points near the surface of the 
ground or above the lower limit of the frost. 

If we may assume a thickness of residuary detritus commensurate 
with that which now mantles the Southern States, it is, perhaps, prob- 
able that over considerable areas solidification by freezing would fail to 
reach the firm, undecomposed rocks beneath. However that may be, 
it is certain that with increased thickness the ice-sheet became a more 
and more efficient protection to the ground against the climate of the 
Ice Age, and the steady efflux of heat from the earth’s interior would 
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thus tend to gradually loosen the hold of the frost upon the rocky 
substratum. 

Observations in the arctic regions and at high altitudes show that 
the ground may become frozen to a depth of several hundred feet, and 
R. S. Woodward's theoretical discussion! of the subject not only cor- 
roborates these observations, but indicates that the downward penetra- 
tion of the frost may be comparatively rapid. Thus if the mean an- 
nual temperature of the surface should fall from 60° F. to 10° F., the 
ground would become frozen to a depth of 400 feet in less than one 
thousand years. Russell suggests? that the great depth of frozen soil 
reported at Yakutsk, Siberia (382 feet), and at other arctic stations, 
may be due in part to the surface accumulation of ice through the 
growth of the tundra, and that possibly the rate of diffusivity of tem- 
perature assumed by Woodward is too high, but he does not seriously 
question the main conclusion with regard to the efficiency of frost 
penetration. 

It is well known that glaciated areas are not in general those of 
most extreme cold. A humid climate is the first essential; and, given 
that, a temperature low enough throughout the year to insure precip- 
itation chiefly in the form of snow and to prevent excessive waste 
by summer melting—a mean annual temperature a few degrees only 
below freezing, like that on the Mount St. Elias coast of Alaska —is 
all that is required for active glaciation. In harmony with this conclu- 
sion, we find that the extremely frigid areas, such as the interior of 
Alaska and northern Siberia, are relatively dry and non-glaciated. 
For this reason, and also because the increasing thickness of a sed- 
entary ice-sheet would tend to neutralize the downward penetration of 
frost, we need not suppose that the ground beneath the ice would be 
frozen to any great depth or far below the detrital layer. 

The relatively high conductivity and diffusivity of pure ice, in com- 
parison with the covering of zévé and snow, would tend, through the 
steady efflux of the terrestrial heat, to raise the temperature of the 
lower portion of the ice-sheet to the melting point. On the other 
hand, the high latent heat of fusion would tend to prevent extensive 
melting of the ice until the entire basal portion of the sheet had 
attained approximately the melting temperature. The effect of the 
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weight of the ice itself in lowering the temperature of fusion of its 
base would be too small to require consideration here. 

The interesting question now arises as to the most probable plane 
of shearing when the sedentary ice-sheet finally begins to move. We 
may assume that the initial basal shearing or gliding plane will be 
approximately the same whether the ice-sheet begins to move in 
obedience to its own weight or through the overriding thrust of a 
thicker northern sheet. In any case, or whatever the cause of move- 
ment, it is, as we have seen, most likely to be inaugurated during a 
period of climatic amelioration. Above the bed-rock, three layers of 
material require consideration: (1) The ice-sheet proper; (2) the 
frozen soil beneath it, to which it is still firmly united; (3) the 
unfrozen soil resting upon or passing downward into the solid 
rocks. Under the assumed conditions of climatic amelioration and 
a basal rise of temperature in the ice-sheet, we may suppose that 
the frozen soil, in consequence of its lower position and the rela- 
tively low specific heat of earthy and stony substances, would tend 
to rise in temperature and to thaw earlier than the pure ice. Hence 
the frozen soil may, perhaps, be regarded as weaker and more sus- 
ceptible of shearing than the clear ice, although at temperatures well 
below freezing the reverse relation would probably hold true. We 
thus arrive at the conclusion that at the inception of movement in any 
part of the ice-sheet the ice is possibly stronger than, but essentially 
continuous with, the frozen soil, and the latter is clearly stronger than 
the unfrozen soil; and hence it would follow that the most probable 
initial plane of slipping or shearing would be in the unfrozen soil, the 
frozen soil and overlying ice moving ex masse, and the movement 
being lubricated by the unfrozen soil, which would be at most points 
of an argillaceous and plastic character. Although a residuary soil 
naturally becomes firmer and more rock-like downward, and is, there- 
fore, weakest near the surface, we should not lose sight of the fact 
that, since frost causes a notable expansion of the soil, a recession of 
the lower limit of the frost toward the surface, through the efflux of 
the terrestrial heat and consequent rising of the isogeotherms, would 
tend to leave at the lower surface of the frozen soil a thawed-out layer 
of loose and yielding texture. 

Observations heretofore made on modern glaciers and ice-sheets 
are of little value in this connection, because nowhere in the field 
of observation are realized the conditions that must obtain at the base 
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of a sedentary or recently sedentary ice-sheet. The true glaciers or 
ice. rivers of Alpine districts, Greenland, etc., are mere lobes of ice 
descending under the influence of gravity from the edges of névé fields 
and ice-caps into a climatic zone where permanent ice cannot form; 
and hence they are moving over unfrozen soil, and the ice is wasting 
by melting on its under as well as its upper surfaces. The great de- 
sideratum is, evidently, a shaft or boring in the interior of Greenland 
extending through the entire thickness of the ice-sheet and a hundred 
feet into its rocky bed. This would expose the true basal relations, 
thermal and otherwise. 

In his recent paper on the “Influence of Débris on the Flow of 
Glaciers,’’! Professor Russell assumes that ice is analogous to pitch in 
that its plasticity or tendency to flow is diminished by inclosed débris. 
This assumption is undoubtedly safe for temperatures well below freez- 
ing. But if it is a sound principle that when the temperature of the 
ice is rising and near the melting point the inclosed rock débris will, 
on account of its lower specific heat, tend to rise in temperature faster 
than the ice and thus to loosen by melting the bonds between it and 
the ice, then the comparison with débris in pitch would seem to hold 
good only in the improbable case when the imbedded stones caused 
a local softening of the pitch. The débris in ice would not lead to 
extensive melting, on account of the high latent heat of melting ice. 
But if the temperature of the débris rises ever so little above 0° C. 
(32° F.), it ceases to be a source of strength in the ice, the effective 
section of the ice being diminished in proportion to the amount of 
débris. This view seems to be abundantly confirmed by Professor 
Chamberlin’s Greenland studies, for he has given us no more strik- 
ing and significant fact than the relative facility with which the ice 
shears along innumerable lines of débris; and the evidence is con- 
clusive that the ice, to a large extent, slides over the inclosed débris, 
instead of dragging it along, as it would if the débris were firmly frozen 
into the ice. Granting, however, that the frozen soil would be more 
rigid and indifferent to gravitative stresses than the clear ice above it, 
the fact remains that the unfrozen soil at the base is more yielding and 
plastic than either; and hence, although we may reasonably conceive 
definite shearing planes as distributed through a considerable thickness 
of the ice-sheet, the lowest plane, and the true base of the ice-sheet, 
will still be at the lower limit of frost. 
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So far as I can learn, everywhere within the range of observation 
modern glaciers are either sliding over their ground moraines or they 
rest directly upon the firm bed-rock, just as many rivers, at ordinary 
seasons, flow quietly over deep beds of gravel and stones or over bare 
ledges. In both cases active erosion of the bed-rock floor is nearly at 
a standstill, for where it is not protected by the stagnant dédris the ice 
or water are not well suppled with stones, without which they can do 
little. In the case of the river, periods of flood or of greater fall or 
volume in the past must be postulated to set the detritus in motion 
and account for the effective erosion of their channels. Similarly for 
the glacier, the entire ground moraine must be set in motion. In- 
creased thickness and velocity of the ice would probably tend to 
accomplish this. But to my mind rectilinear striz, often scores of 
feet in length, are an impossibility unless we conceive the entire mass 
of the ground moraine as inclosed in the moving ice. 

Professor Chamberlin’s observations in Greenland show that any 
number of horizontal shearing planes may be postulated, with a cor- 
responding reduction of the basal velocity; but I see, with Upham, 
no escape from the conclusion that during the period of active and 
efficient glaciation of the bed-rock surfaces the ground moraine was 
very scanty or wholly wanting, being incorporated with the moving 
ice. Imagine a modern glacier or ice-sheet as launched upon a plain 
covered by 25 to 50 feet of sedentary detritus passing gradually down- 
ward into firm rocks, and consider how little chance there would be for 
the development on the underlying bed-rock of a typical glaciated sur- 
face so long as the ice and soil are essentially distinct. The prelim- 
inary removal of the detritus by simple thrust and drag is seen not to 
be a valid explanation when we consider the great breadth of the 
glaciated area and the enormous marginal accumulation which would 
inevitably result. A true ground moraine between bed-rock and ice, 
and distinct from both, belongs to the waning stage of the ice-sheet 
and to lobes of ice (glaciers) descending from an ice-cap or névé field 
into a climatic zone where permanent ice cannot form. 

All this appears to be quite consistent with the local origin of the 
greater part of the till or ground moraine of the Pleistocene ice-sheet 
and the well-established fact that the total movement of the ice 
amounted to hundreds of miles if we simply suppose that through 
the granular plasticity of the ice, or a series of shear planes, the basal, 
drift-laden layer moves much more slowly than the overlying clear ice. 
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ABSORPTION OF DRIFT BY THE PLEISTOCENE ICE-SHEET. 





Glacialists are sharply divided in opinion as to the power of an ice- 
sheet to absorb or incorporate with its mass the detritus over which it 
moves, and the arguments gro and con have been stated with much 
fullness and force in recent papers by Upham, Chamberlin, and 
others. It is clearly incumbent upon the advocate of the englacial 
theory to prove that large volumes of drift may become englacial. It 
seems to me that this has not been satisfactorily done as yet, and, as 
previously stated, the chief purpose of this paper is, if possible, to 
reinforce the englacial theory at this point. 

The sedentary ice-sheet, as we have seen, holds in its grasp a large 
part of the surface detritus; and if, as I believe, the initial shearing 
plane is normally or usually at the lower limit of frost, a considerable 
body of detritus, mostly of a fine or impalpable character (preglacial 
residuary soil, etc.), is englacial from the beginning of movement of 
the ice-sheet. When a sedentary ice-sheet is overridden by a pied- 
mont glacier, and still more when a sedentary ice-sheet is overridden 
by the re-advance of an earlier ice-sheet, the conditions must be favor- 
able for the transfer of drift from the base of the earlier sheet toa 
' somewhat elevated position in the composite sheet which results from 
the overriding. We may suppose that the overriding sheet will carry 
with it not only its own englacial drift, but will drag along, also, a part 
of its ground moraine or subglacial drift. This complex process will 
be repeated with each marked recession and re-advance of the ice-sheet. 

It is altogether probable that each important recession of the ice- 
sheet, and not alone the final recession, was characterized by numerous 
glacial rivers and lakes and an extensive development of modified drift 
in the well-known forms of kames, eskers, deltas with abrupt northern 
margins, etc. It is obvious that such eminently loose and porous 
deposits would be completely permeated by and form an essential part 
of the succeeding sedentary ice-sheet. Thus material which may have 
slowly become englacial through the movement of an earlier ice-sheet 
is englacial from the beginning of the succeeding sheet; or, if the 
later ice should move over these deposits, their forms and structures 
are very favorable to their being absorbed by the ice through shearing 
and flexing. 
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Some of the illustrations accompanying Professor Chamberlin’s 
valuable description of the Greenland glaciers! are well calculated 
to dispel any doubts that may exist in the minds of geologists as 
to the power of a glacier to absorb detritus by shearing and flexing 
movements. The flexures are certainly very remarkable, considering 
that, strictly speaking, ice is neither viscous nor plastic. Chamberlin’s 
explanation of movement as the result of granulation and a continuous 
adjustment of the granular structure to gravitative stresses through 
differential melting and regelation obviates in a measure the difficulty 
of accounting for the complex movements observed; but the fact 
remains that relatively slight obstructions, whether of solid rock or 
uncompacted drift, are sufficient to originate sharp overthrust flexures 
and obliquely ascending shear planes, which are marked by prominent 
bands of débris— ground moraine in process of absorption by the ice. 
To Chamberlin belongs the credit of observing and depicting more 
clearly, perhaps, than any previous writer the mechanism of the 
transfer of drift from a subglacial to an englacial position. There 
can be no doubt now that in a lee the ice, at least under certain con- 
ditions, will drag, in consequence of basal friction, sufficiently to give 
rise to a sharp flexure or a thrust fault between it and the ice which 
passes over the obstruction. A part of the latter is being constantly 
curved downward and backward and added to the stagnant ice, and 
thus the thickness of the latter increases with the distance from the 
lee slope, and the axial plane of the flexure rises to higher levels in 
the ice; or, if the conditions of granulation, velocity, etc., determine 
shearing as well as or instead of flexing, the shearing plane will like- 
wise tend to rise in the ice. 

In an earlier publication? Professor Chamberlin has analyzed 
glacial motion and shown the importance, in a detailed study, of 
distinguishing vertical pressure, due to the thickness and weight of 
the ice, and flowage pressure, due to its horizontal movement. The 
former culminates in the basal central and the latter, as a rule, in the 
superficial peripheral tracts. These two pressures codperate on stoss 
slopes, and hence glacial erosion reaches its maximum intensity there. 
Glacial striae record, almost exclusively, the movements of the ice-sheet 
in its final stages, and it is well understood that the general absence of 
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striz on lee slopes above a certain low angle of declivity means that 
the flowage pressure then so far predominated over the vertical pres- 
sure that the ice tended to arch over the lee slope instead of flowing 
down it. Under the greater vertical pressure and lower velocity of 
the central areas the ice will hug the lee slopes more closely, and they 
will be more generally glaciated. In this case, however, as truly as in 
the first, the ice in the lee must drag —that is, move more slowly than 
the ice above it ; and this retardation will almost inevitably, according 
to Chamberlin’s Greenland observations, lead to flexing or shearing and 
the absorption of detritus. We are thus brought to the conclusion 
that from the summit or crest of nearly every elevation with an abrupt 
lee slope a stream of detritus flowed onward and upward into the Pleis- 
tocene ice-sheet during its progress over the land. And it is obvious 
that, if this view be even measurably sound, the mechanism is pro- 
vided for the abundant transfer of drift from a subglacial to an engla- 
cial position. This important conclusion may be presented in another 
way. The detritus urged up or worn from the stoss slopes by the 
movement of the ice clearly did not descend the lee slopes under 
the pressure of the ice, else these slopes would not be unglaciated ; 
therefore it must have passed on into the ice, or else have accumulated 
in a passive form on the lee slopes. It was probably disposed of in 
both these ways, but it is well known that stoss slopes are quite as 
likely as lee slopes to be encumbered by ground moraine. 

The recently published experiments in ice motion made with wax 
by E. C. Case? have a special interest in this connection. They tally 
very closely with Chamberlin’s Greenland observations, and materially 
strengthen our general conclusion that the forward motion of the ice 
over an uneven topography gives rise to obliquely ascending currents 
and that from the summits of elevations basal detritus is carried, not 
down the lee slopes, but forward and upward into the body of the ice. 

It must, however, be conceded by the englacialist that during the 
period of maximum glaciation for any area, when the ice was thickest 
and the vertical pressure had its maximum value, a large proportion of 
the drift reaching the top of stoss slopes probably remained in the 
bottom of the ice and was dragged down the lee slopes and away from 
the elevations without losing its subglacial position. This must have 
involved the striation and polishing of the lee slopes, and the condi- 
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tions were unfavorable for the detachment of blocks of rock—the 
rending and quarrying operations of the ice-sheet. Later, when the 
vertical pressure was less and the velocity of flow greater, the ice 
hugged the lee slopes less closely, and the conditions became favorable 
for the detachment of blocks by the ice moving under the combined 
vertical and flowage pressure across the crests of the elevations. If 
the ice actually pulled away from the lee slopes to an appreciable 
extent, or even tended to do so, the local relief of pressure may, per- 
haps, have led to the freezing on these slopes of subglacial water. 
This sedentary ice, penetrating the joint cracks of the rocks and by 
its expansive power starting the joint blocks from their positions, and 
later, by its continued growth, becoming continuous with the moving 
ice, may have assisted in plucking away blocks and fragments of rock 
from the lower as well as the upper portions of the lee slopes, thus 
tending to maintain the high angle of declivity so characteristic of lee 
slopes. 

The broken and precipitous character of typical lee slopes is, to 
my mind, rather inconsistent with the passage down them, during the 
detachment and removal of the blocks, of much ground moraine; and 
this conclusion is in harmony with the facts that they are not now, as 
a rule, banked high with till and that we often find a surface train of 
angular blocks leading away from them. That the blocks thus borne 
away from a lee slope were, in many cases, carried in the ice instead 
of being dragged along beneath it is proved by the occurrence of 
entirely angular and unglaciated forms and the fact that, as in the 
case of the great Madison bowlder in New Hampshire, the original 
orientation of the blocks is sometimes unchanged.? 

In the preceding paragraph I have but followed in the footsteps of 
Professor Chamberlin, for he has shown? very fully and clearly that 
the ice flowing over and around prominent ledges and rocky hills will 
naturally carry away in true englacial fashion many angular blocks and 
more or less of other forms of detritus, and also that this, as he sup- 
poses, scanty englacial drift is now distinguishable from the ground 
moraine on which it rests. Having granted this much, Professor 
Chamberlin is, apparently, obliged to ground his argument for the 
essential scantiness of the englacial drift upon the assumption, 
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nowhere explicitly stated, that but little drift was dragged or car- 
ried by the ice up the stoss slopes and over the crests of the ledges 
and hills, for this material would obviously have an equal or better 
chance than that worn from these elevations of becoming truly en- 
glacial. But the validity of this tacit assumption cannot be admitted. 
The severe glaciation of the stoss slopes is against it; and, aside from 
this consideration, it is difficult to understand how, except in valleys 
trending with the glacial movement, any considerable amount of 
detritus that was transported or dragged a good fraction of a mile 
or more from its source could help crossing one or more elevations. 
Certainly its course would need to be very devious to avoid them. 
Again, Professor Chamberlin! has given us the important principle 
that, during the closing stages of the Ice Age at least, the surface of 
the ice-sheet must have been depressed over highlands and elevated 
over valleys, and that, movement being determined by surface gradient 
alone, the ice would flow toward rather than from the highlands. This 
principle would thus operate to increase the ground moraine on the 
hilly tracts at the expense of that in the valleys and lowlands; and it 
has occurred to me that perhaps we have here an explanation of the 
long, ridgelike accumulations of till which often, on the plain country, 
border or separate the north-south valleys. Just as a river does not 
make its chief deposits in the deepest part of its channel, where the 
current is strongest, but along the margin, building up the flood plain, 
so the ice stream tends to crowd the detritus out of north-south val- 
leys from the line of swiftest to the lines of slowest motion. From 
these till ridges we pass easily and naturally to drumlins. Every gla- 
cialist knows that the drumloid slopes of till, which may, in my 
opinion, be regarded as embryo drumlins, although most character- 
istic of stoss slopes, occur abundantly on lee slopes also. They 
seem to indicate an attempt on the part of the ice-sheet to carry 
or drag a large amount of drift up the stoss slopes. When the drift 
gains the crest it is in part carried away into the body of the ice by 
the freer motion of the ice above this level, tending to leave the lee 
slopes bare, as already noted. But during the waning of the ice-sheet 
its movement over the rock hills and ledges finally became so feeble 
that it could no longer urge all the subglacial drift, the amount of 
which was probably being augmented by basal melting, up the stoss 
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slopes, and it began to accumulate upon them. Each increment was 
so thoroughly compacted and pressed down by the ice, aided by the 
natural tenacity of the clay, that the effective stoss slope was gradually 
raised until the accumulation of till finally overtopped the rocky ob- 
struction and became a drumlin. This view seems to be in entire 
accord with Professor Chamberlin’s recent suggestion with regard 
to the origin of drumlins.} 

Perhaps the general conclusions to which my studies have now led 
me may be best stated as follows: A large part,:probably the main 
part, of the preglacial surface detritus was englacial in the sedentary 
ice-sheet and remained so after the ice began to flow during the entire 
period of the growth, culmination, and early decline of the ice-sheet, 
or while the hard bed-rock surface was being actively abraded and 
striated. During this time, which embraced the greater part of the 
Glacial Period, the preglacial detritus not originally incorporated in 
the ice and the material worn from the ledges by the ice itself be- 
came englacial, in large part at least, through overriding, shearing, and 
flexing movements of the ice, a hard surface of drift-shod ice in direct 
contact with the uneven bed-rock surface appearing to be essential to 
the rectilinear striation of the latter. During the later stages of the 
decline of the ice-sheet basal melting set free considerable volumes 
of the hitherto englacial drift to form the ground moraine; and just 
as the frontal or terminal moraine, also composed of material set 
free by the ablation of the ice, records the cessation of the forward 
movement or invasion of the ice-sheet, so the basal or ground moraine 
records the gradual cessation of the glacial abrasion of the bed-rocks. 
The relative suddenness of this change from active erosion to deposi- 
tion in any area is indicated by the fact that, generally speaking, the 
ground moraine rests everywhere upon normally striated surfaces. In 
other words, as soon as the ground moraine began to appear through 
basal melting it was essentially motionless, for ice moving over a bed 
of detritus in a way to impart motion to it would inevitably give rise 
to sidewise, oblique, and devious movements of individual stones which 
would tend to obscure and efface the rectilinear striation of the bed- 
rock surface. The ground moraine as it accumulated was pressed 
down by the ice to form the typical hardpan. In part it accumulated 
on stoss slopes through obstruction to, and in part on lee slopes 
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through protection from, the forward movement of the ice, forming 
drumloid slopes and, later, drumlins. 

It is not a necessary deduction from this view that the bed-rock 
always rises to a good height in drumlins, since the hardpan character 
of the ground moraine and the tendency of the ice at this stage to 
flow over loose materials, as observed by Niles, Spencer, Chamberlin, 
and many others, make of the initial knob or boss of the ground 
moraine an efficient gathering point for more material as fast as it is 
furnished by the melting of the ice. The main point may be pre- 
sented in another way. When, as in the earlier and maximum stages 
of the ice-sheet, the basal temperature was below freezing, the freezing 
of subglacial waters made and kept the detritus a part of the ice-sheet ; 
and when, as in the later stages of the ice-sheet, the basal temperature 
rose above freezing, the ice relaxed its hold on the detritus and flowed 
over it, as attested by observations on modern glaciers. 

It is a necessary consequence or corollary of this view that trans- 
portation of drift by simple drag is relatively unimportant, if not 
impossible. The transportation is almost wholly englacial, as insisted 
by Upham,! but highly differential, being extremely slow in the basal 
layers and more and more rapid at higher levels. The detritus reach- 
ing the highest levels in the ice is carried farthest, not only because 
of the higher velocity, but also because it remains for a longer time 
in the ice. 

The history of an ice-sheet embraces, as regards the basal tempera- 
ture, two distinct and contrasted periods: (1) The period of growth 
and maximum development, when the temperature of the lower part 
of the ice is permanently below freezing; (2) the period of decline, 
when the basal temperature is above freezing. The first is the period 
of active abrasion and scoring of the bed-rock, all detritus being frozen 
into the ice as fast as formed. Furthermore, the water resulting from 
superficial summer melting of the ice, descending through crevasses to 
the basal portion of the sheet and refreezing there, not only adds the 
newly formed detritus to the base of the moving sheet, but also, per- 
haps, favors an actual downward growth of the ice-sheet, whereby 
detritus which has previously become englacial is raised to greater 
heights in the ice, the growth of the ice-sheet being chiefly upward 
by snowfall in winter and downward by basal freezing in summer. 
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During the second period the ice-sheet wastes by basal as well as 
superficial melting, the englacial drift becomes subglacial (ground 

moraine), and glacial erosion gradually ceases. 
The prevailing opinion among geologists, as recently collated by 
F Culver,! is evidently strongly against the efficiency of glacial erosion, 
and this trend of opinion is certainly justified so far as it is based 
upon observations on living glaciers. Observations on the velocity 
and abrasive power of modern ice-sheets have never been made. But 
me the relatively high efficiency of the Pleistocene ice-sheet in this re- 
: spect is clearly proved by the undisputed facts that over practically 
the entire glaciated area north of the terminal moraine a// the pre- 
glacial sedentary soil and partially decayed rock were worn away, in- 
volving on a large aggregate area extensive erosion of the hard, 
unaltered rocks, and that the prevailing color of the ground moraine 
below the sharply defined limit of postglacial oxidation is that of 
crushed rock, and not of residuary or other preglacial detritus. The 
latter fact, which seems to have been but little regarded, is probably 
of equal significance with the first, and the general conclusion based 
upon both these is further sustained by observations upon the propor- 
tions of distinctively glacial detritus in the ground moraine.? It isa 
logical deduction from the view developed here that there can exist in 
the ground moraine, in general, no real or definite distinction between 
subglacial and englacial till, because, broadly speaking, it has all been 





englacial. 
q Probably no feature of the Greenland glaciers revealed to us by 
; Chamberlin’s studies will be regarded by glacialists with greater inter- 
} est and astonishment than the beautiful stratification and lamination of 
t the ice. He states, and his photographic illustrations show, that the 


stratification is most perfect in the lower, drift-laden portion of the 
ice, being only obscurely seen in the upper white ice. It is especially 
interesting to note in this connection that in the drift-laden ice the 
stratification is due chiefly to the mode of distribution of the drift 
or rock débris, which forms numerous relatively thin and continuous 
layers approximately parallel with the bottom of the glacier and often 
exhibiting flexures and faults where the ground over which the glacier 
moves is sufficiently uneven. Chamberlin refers all this englacial drift 
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to one source. It is ground moraine which has been absorbed by the 
ice through flexing and shearing movements, and it proves that this 
process of absorption is essentially continuous. The thinness and 
persistence of the layers of débris also prove that the planes of 
shearing extend forward indefinitely into the body of the ice, and 
do not tend to die out, as they would if the ice were a viscous or 
plastic substance. This differential movement along an inset layer 
of débris must drag it out and tend to give it persistence, even if 
the process of absorption in that plane is intermittent. 

Furthermore, we find here a most striking confirmation of the con- 
clusion previously stated, that, under certain conditions at least, the 
débris in the ice is an element of weakness and tends to give rise 
to shearing and gliding planes. This whole process of lamination 
by shearing is beautifully attested by the marked projection of the 
upper layers on the precipitous margin of the ice due to ablation. 
The under surfaces of the projecting layers are fluted by the frag- 
ments of rock lying in the plane of shearing. But in spite of this 
indication that the ice moves over the inclosed detritus, it is obvious 
that the movement must also drag it along; and when we consider 
how intimate this process of lamination Shearing is, producing in 
extreme cases as many as twenty distinct layers in an inch, it can 
hardly be doubted that the englacial rock fragments, more especially 
if of small size, must suffer faceting and striation after the manner of 
the ground moraine. Thus one supposed distinction between subgla- 
cial and englacial drift in a measure disappears, and is no longer avail- 
able as an argument to minimize the englacial drift of the Pleistocene 
ice-sheet. 

Professor Chamberlin has noted! that while the Greenland glaciers 
commonly slide over the ground moraine in their lower courses, allow- 
ing it to accumulate beneath them, they appear in their upper courses 
to drag and carry it along, fitting snugly in their respective valleys and 
scoring the ledges over which they move. By parity of reasoning we 
may suppose that, although at its lower extremity the ice is observed 
to slide over the interstratified débris, farther back from the margin 
the débris, being frozen in the ice, is urged along and glaciated by the 
motion of the ice. 

I have observed something analogous to this lamination shearing of 
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glacial ice in the obsidian flows of the Lipari Islands. In consequence, 
perhaps, of incipient crystallization, or of partial relief from pressure, 
due to the fact that the lava continued to flow after it had begun to 
stiffen, imprisoned or dissolved aqueous vapor is liberated along certain 
planes coincident with the plane of flowing, giving rise to layers of 
vesicles. These vesicular layers (analogous to débris layers in the 
glacier) become, with continued stiffening of the magma, relatively 
planes of weakness and hence shear planes —a true flowing movement 
which affects the entire body of magma being transformed in part, by 
continued pressure from behind, to mechanical shearing along definite 
planes. 


COMPARISON WITH MODERN GLACIERS AND ICE-SHEETS. 


Perhaps the most cogent argument against the view that the drift 
of the Pleistocene ice-sheet was, during certain prolonged phases of 
its history, largely or chiefly englacial is that based upon the compar- 
ative rarity of englacial drift in modern glaciers and, seemingly, in 
modern ice-sheets. The general freedom of glaciers of the Alpine 
type from incorporated drift, other than that derived from lateral and 
medial moraines through the agency of crevasses, is, no doubt, attrib- 
utable to the facts that their courses were long since swept relatively 
bare of detritus and that in their lower courses they are undergoing 
basal melting, and hence depositing rather than absorbing drift. 

According to the observations of Chamberlin and Salisbury,! the 
numerous glaciers descending from the margin of the Greenland ice-cap 
present, in this respect, two types: (1) The drift-laden glaciers, which 
have commonly vertical sides and ends and predominate north of lati- 
tude 76°; (2) the apparently drift-free glaciers, which are commonly 
without prominent vertical sides or ends and predominate south of 
latitude 76°. Both these able observers state emphatically that in 
the drift-laden glaciers the drift is strictly a basal feature, rarely rising 
to greater heights in the ice than 100 to 150 feet even where the 
glacier may be a thousand feet or more in thickness. Furthermore, 
these observations are regarded as fully confirmed by those made upon 
the countless icebergs of the neighboring seas. We may, perhaps, 
reasonably suppose that the greater abruptness of the northern gla- 
ciers is due in some measure to the more rapid melting of the drift- 





* Journal of Geology, 3, 875-902. 
































136 W. O. Crosby. 


laden basal layers of the ice, in consequence, as already explained, of 
the low specific heat of the imbedded débris, and that, possibly, the 
northern glaciers are more generally drift-laden because the severe 
climate tends to prevent basal melting. Certain it is that the en- 
glacial drift is, in general, most in evidence where the basal condi- 
tions most closely approximate those of an ice-sheet in its prime. 

It appears to me, however, extremely improbable that all the en- 
glacial drift of the Greenland glaciers has been absorbed by the ice 
during its comparatively short and steep descent from the margin of 
the ice-cap. I would suggest instead that a considerable part of it 
represents the lower, drift-laden portion of the ice-cap itself. Whether 
these lobes of the ice-cap are well charged with drift or not is of no 
special significance in a’study of the Pleistocene ice-sheet of North 
America, unless we can regard them as reliable indications in this 
respect of the constitution of the parent ice-cap. Assuming with 
Chamberlin that, while the upper, clear ice of the Greenland glaciers 
increases rapidly in thickness from the lower end upward toward the 
ice-cap, the basal, .drift-laden ice increases but little if any in thickness, 
is it a necessary conclusion that in the ice-cap itself, thousands of feet 
in thickness, the englacial drift is limited to the lower 100 to 200 feet ? 
To answer in the affirmative is to lose sight of the principle that the 
velocity of the ice increases rapidly upward from the bottom. The 
ice-cap virtually spills over the edge of the plateau through deep V- 
shaped notches ; and to my mind the conclusion is unavoidable that a 
much larger proportion of the upper, clear, and relatively mobile ice 
will flow down than of the lower, drift-laden, and relatively immobile 
ice. It is probable that increased declivity would in any case accel- 
erate the velocity of the upper more than of the lower layers of ice, 
but this contrast would certainly be greatly intensified by the section 
of the valley —broad and open above, and narrow below. 

It is the general belief of geologists that if Greenland were divested 
of its ice-cap it would exhibit continental relief — elevated margins 
and a depressed interior. Hence we may assume that the ice-cap 
attains its maximum thickness in the central areas, and that a smoth- 
ered mountain range separates this main body of ice from the overflow 
fringe of glaciers along the coast. The futility of regarding these 
smaller coastal glaciers as representative, in the matter of englacial 
drift, of the great ice-cap from the marginal and superficial portions 
of which they originate is obvious. 
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The Humboldt glacier and others of the great glaciers of the 
Greenland coast belong in quite a different category, occupying as 
they do, apparently, the lower courses and mouths of the great 
interior valleys; but, terminating in the sea, we can only judge of 
their basal conditions by the icebergs to which they give rise. It is, 
perhaps, fair to assume that, through basal melting, these giant gla- 
ciers, like their smaller brothers which fail to reach the sea, are build- 
ing platforms of the ground moraine beneath their extremities and 
thus permanently shallowing or filling up the bays along the coast. 
But that the icebergs often carry away generous loads of drift is well 
known, and we may specially note in this connection (1) that perhaps 
many of what pass for small bergs are really large bergs deeply laden ; 
(2) that bergs well ballasted with drift cannot possibly be overturned 
so as to expose the drift to observation ; and (3) that the drift-bearing 
part of a berg, under the combined influence of the higher specific 
heat of rocky débris and gravitation, must melt away very rapidly 
when the temperature of the water is above freezing. Again, these 
giant glaciers are simply ice rivers draining at lower levels the great 
mer de glace or interior sea of ice; and, just as in the case of the 
water of a lake and its outlet stream, the velocity of the ice must be 
greatly accelerated in passing from the mer de glace to the glacier. 
From this premise the conclusion follows irresistibly, as previously 
noted, that the glacier will consist in much larger proportion than 
the mer de glace of the upper, drift-free ice. Hence we can hardly 
suppose that even a:clearly exposed section of the Humboldt, glacier 
would reveal to us a true and undistorted vertical section of the Green- 
land ice-cap, for the basal layers certainly would not be adequately rep- 
resented. Thus observation is baffled at every point, unless, indeed, a 
boring should some time be made in the interior of Greenland. I see 
no reason, however, to doubt that the mer de glace is well supplied 
with englacial drift, or that wherever the ice is actively abrading its 
bed it holds in its mass the entire volume of detritus, moving, full 
armed and without any intervening shield or ground moraine, over the 
unprotected bed-rock. 

That the englacial drift rises to a great proportional height in the 
Greenland or any other ice-cap appears to me, however, by no means a 
necessary conclusion. Probably very little rises to a greater height 
than 500 feet, or possibly 1,000 feet, even where the thickness of the 
ice is one to two miles. In fact, none of the suggested processes of 
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absorption seem competent to diffuse the detritus through any consid- 
erable thickness of the ice, or to carry it far above the summits of the 
obstructions which give rise to the shearing and flexing movements. I 
conceive it, rather, to be somewhat crowded in the slow-moving basal 
strata of ice, whence it is early set free by basal melting to form the 
ground moraine, and to thin out rapidly upward. Among the causes 
tending especially to check or limit the upward movement of drift in 
the ice is the progressive increase in the velocity of the ice from the 
base upward, in obedience to the principle, already noted, that a cur- 
rent tends to force floating bodies from the lines of highest velocity to 
those of lowest velocity. 

It is possible, however, that, as virtually pointed out by Uphanm,! 
an important exception to this limitation of the range of englacial 
drift should be made for the case when a later sedentary ice-sheet 
is overridden by the re-advance of an earlier sheet, the height attained 
by the englacial drift depending then upon the thickness of the over- 
ridden sheet. Again, a mountainous tract lying in the pathway of the 
ice-sheet may lead to the incorporation of drift at exceptionally high 
levels. In fact, the Malaspina glacier is a capital example. Accord- 
ing to Russell, the drift which mantles the outer margin of this great 
piedmont glacier covers, even in parts of the area where it is forest- 
clad, not less than a thousand feet in thickness of ice, and where it is 
not forest-clad it rises to still greater heights. Russell states that this 
superglacial drift consists wholly of the lateral and medial moraines of 
the tributary glaciers descending from the Mount St. Elias range. 

«All of the glaciers which feed the great piedmont ice-sheet are 
above the snow line, and the débris they carry only appears at the sur- 
face after the ice descends to the region where the annual waste is in 
excess of the annual supply. The stones and dirt previously contained 
in the glacier are then concentrated at the surface, owing to the melt- 
ing of the ice. This is the history of all the moraines on the glacier. 
They are formed of the débris brought out of the mountains by the 
tributary Alpine glaciers and concentrated at the surface by reason of 
the melting of the ice.” 

Probably this incorporation of drift at high levels would still occur, 
but on a grander scale, if the St. Elias range were completely buried 
in ice moving across it. Regarding these St. Elias glaciers as rivers 
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of ice tributary to a sea of ice, the thought is naturally suggested that 
perhaps the drift-laden ice tends, on joining the piedmont glacier, to 
flow out across the ice sea regardless of its depth, and thus, while 
actually descending topographically, rise to greater heights in the ice- 


‘sheet. This principle would also, obviously, find application in the 


case of valleys or depressed areas of any form transverse to the 
general direction of flow of the ice-sheet, and it thus becomes sim- 
ply a broader phase of the principle of the absorption of detritus by 
shearing and flexing. These considerations lead me to venture the 
opinion that, while depths of englacial drift amounting to 1,500 or 
2,000 feet or more, or to one fourth to one third of the thickness 
of the ice-sheet at its maximum, as held by Upham, cannot be re- 
garded as strictly normal or as prevailing over considerable areas 
of plain country, they are possible under the special conditions 
indicated. 


RELATIONS OF ENGLACIAL Drift To MopDIFIED DRIFT. 


The manifold forms of modified drift, or washed and stratified 
gravels, sands, and clays, of glacial origin, forming deltas, terraces, 
overwash or apron plains, eskers, kames, etc., although occurring 
almost wholly in valleys and on lowlands, constitute in the aggre- 
gate a considerable fraction of the total volume of the drift. Con- 
cerning the source of the modified drift, there is as yet no general 
agreement among glacialists. The main views, of which all others 
may be regarded as modifications, are (1) that the modified drift has 
resulted chiefly from the washing and assorting of the till or ground 
moraine by glacial streams during and following the waning and dis- 
appearance of the ice-sheet, (2) that it was derived from englacial drift 
through the agency of subglacial streams, and (3) that it had its origin 
in englacial drift which became superglacial by ablation and was washed 
and assorted by superglacial streams. Undoubtedly all of these the- 
ories are required to account for the totality of the modified drift, and 
the real question is as to their relative importance. 

It is inconceivable that the ice-sheet could disappear without some 
washing or modification of the ground moraine. It is, however, a 
noteworthy fact that the till does not present about the heads of 
southward sloping valleys or elsewhere evidences of such extensive 
erosion as should be required for the general or unqualified accept- 
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ance of this view. The absence, as a rule, of strongly marked ero- 
sion lines in the ground moraine is particularly striking in the case of 
the drumlins, since their highly definite and characteristic contours 
due to glacial molding make them extremely delicate records of 
aqueous erosion. Every glacialist knows how rare and insignificant 
are the evidences of drumlin erosion which can be referred to sub- 
glacial streams. Superglacial and marginal streams have here and 
there notched the summits or terraced the sides of protruding drum- 
lins, and frost and rain-wash doubtless accomplished some degradation 
of the drumlins after the disappearance of the ice and before the mat 
of vegetation was spread over them. But when all these modes of 
erosion are taken into account, the waste which drumlins have suffered 
still appears so trifling that, if they were regarded as representative in 
this respect of the ground moraine in general, all subglavial material 
might, perhaps, be safely neglected as a source of modified drift. In 
fact, the advocates of the derivation of the modified drift from the 
ground moraine should, it would seem, also espouse the theory that 
drumlins are mere erosion remnants of a sheet of till of much greater 
average thickness than that which now encumbers the glaciated area. 

It may be noted, however, that, as I have elsewhere pointed out,} 
the ice-sheet was probably accompanied, at least in its later stages, by 
a more or less complete system of subglacial drainage; and during all 
the time while the ground moraine or subglacial till was accumulating 
through basal melting, and also while it was still englacial, through the 
agency of numberless shearing planes, it was undergoing modification 
by the washing out of its finer constituents, clay and rock flour. Ob- 
viously, of this differential erosion no distinct trace or scar could be 
expected to survive the disappearance of the ice-sheet, especially since 
the action could not have been sharply localized, but must have af- 
fected in some degree almost the entire area of the ground moraine. 

While not denying or doubting that the ground moraine has made, 
in various ways, substantial contributions to the modified drift, I rec- 
ognize that the. relations of the still englacial drift to glacial drainage 
afford a more direct and satisfactory explanation of the main part of 
the modified drift. 

The real problem appears, then, to be as to the relative efficiency 
of subglacial and superglacial streams. Upham, the foremost advocate 
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of the efficiency and sufficiency of superglacial streams, holds that the 
englacial drift became superglacial, by surface ablation of the ice, in 
sufficient volume to account for practically all the various types of 
modified drift, and that the superglacial streams were adequate for its 
transportation and deposition. That this must be the history of a part 
of the modified drift is obvious from the fact that these conditions are 
realized in modern ice-sheets, but they are only realized, it must be 
added, to a very limited extent. 

It is a common and, perhaps, a fair assumption that in Greenland 
and Alaska are exhibited now, on a smaller scale, nearly all the essen- 
tial phases of the disappearance of the Pleistocene ice sheet. A gen- 
eral survey of these and other regions now undergoing glaciation has 
revealed only one notable occurrence of superglacial drift, namely, that 
mantling the outer margin of the Malaspina glacier; and that, as we 
have noted, is of somewhat exceptional origin, inasmuch as it is not 
derived from strictly normal englacial drift. Little more can be said 
for superglacial streams. They are either entirely wanting or they 
are short-lived, being almost invariably swallowed up by crevasses and 
rarely discharging over the margins of the ice-sheets. Nowhere, so 
far as I am aware, have superglacial streams been observed actively 
washing and distributing superglacial drift. Assuming, as I think we 
must, that the englacial drift is crowded in the basal layers of the ice, 
enormous wastage of the ice must occur before it becomes supergla- 
cial; and the extreme brittleness and consequent fissuring of the ice 
protect it from the ravages of superglacial streams, until in the course 
of time it becomes forest-clad and assumes the character of an ancient 
soil. 

It seems to me very probable, however, that when considerable sec- 
tions or areas of the Pleistocene ice-sheet were so far wasted as to be 
absolutely stagnant, and when superglacial drift covered its surface and 
checked the melting of the ice, the still existing crevasses may have 
become choked with drift to such an extent as to keep the streams 
superglacial or in channels open to the sky, and thus to realize the 
essential conditions of the formation of modified drift from supergla- 
cial drift. Meanwhile, however, or before these conditions are realized, 
the water resulting from the melting of thousands of feet of ice has 
escaped from the ice-sheet through subglacial channels, and during its 
entire subglacial course the main body of the englacial drift has been 
within its reach and undergoing modification. This consideration and 
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the contemplation of the deposits being made at the present time by 
the Fountain stream, the Yahtse, and other rivers emerging from the 
base of the Malaspina glacier, not to multiply examples, satisfy me 
that not only is the modified drift, so far as it is being formed at the 
present time, the product chiefly of subglacial streams acting on en- 
glacial drift, but that it probably was so in Pleistocene times. When 
it is generally recognized that the modified drift requires not one but 
several theories, criteria will, doubtless, be established by which we 
may determine for any normal example whether it has been derived 
chiefly from subglacial, englacial, or superglacial drift. 


THE TRANSPORTATION ARGUMENT. 


Notwithstanding the abundant and indubitable evidence that a 
small part of the drift of the Pleistocene ice-sheet is far-traveled, it 
is generally conceded that the great bulk of the drift is of relatively 
local origin, and good authorities hold that this is substantially true for 
the modified drift as well as till) My own studies in the Boston Basin 
have satisfied me, however, that the modified drift and till of this 
region are somewhat contrasted in this respect, though perhaps not 
more than we should expect, considering that the modified drift was 
transported by water as well as by ice. For example, with the aid of 
several students in the Massachusetts Institute of Technology, I ex- 
amined the composition of a prominent esker on the northwest shore 
of Weymouth. North of this point in the line of glacial movement 
are three broad belts of rocks: First, slates and conglomerates of 
the Boston Basin (Carboniferous), about thirteen miles; second, horn- 
blendic granites, diorite and felsite, with some Cambrian slate and 
quartzite, eight to ten miles; third, mica schists, muscovite granites 
and gneiss, pegmatite, etc., extending into New Hampshire. We 
found, on looking over some tons of material, that of all which was 
coarse enough for easy identification about 50 per cent. is from the 
first belt, 40 per cent. from the second, and 10 per cent. from 
the third. Subsequently, at points only two to five miles from the 
northern edge of the Boston Basin, I found the proportion of material 
from the first belt in the modified drift very small, 10 per cent or less. 
Hence it is probably safe to assume that more than half of the coarser 
material of the modified drift of the Boston Basin is five to ten miles 
from its source and a good fraction as much as twenty miles. 

But conceding that the readily identifiable constituents of the drift, 
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whether modified or unmodified, are chiefly of distinctly local origin, it 
may still be doubted whether much weight should be attached to this 
fact as an argument against the view that practically the entire volume 
of the drift was englacial in the earlier and maximum stages of the 
ice-sheet. For the purpose of this discussion the drift may be divided 
into three parts: First, the preglacial detritus, which must have been 
chiefly of a residuary and clayey character and highly oxidized (red 
and yellow), like the residuary soils of the South; second, the finer 
products of glacial erosion, rock flour, etc., formed chiefly on stoss 
slopes and for the most part unoxidized ; third, the coarser part of the 
drift, the identifiable rock fragments, which must be almost wholly of 
glacial origin and derived chiefly from the lee slopes. 

The preglacial residuary and sedentary soil was probably partly 
swept away by aqueous erosion during the elevation of the continent 
and before the formation of the ice-sheet. What was left of it prob- 
ably became incorporated with the ice-sheet in its earliest stage ; and 
we may well suppose that during the various vicissitudes of the ice- 
sheet, and through the codperation or alternation of glacial, lacustrine, 
and fluvial transportation, it has been carried in large part beyond the 
limits of the glaciated area. Certainly there is little indication of its 
presence in the composition of the drift ; and experiment shows that 
an admixture of a very small proportion of highly oxidized residuary 
clay, like that of the South, with a typical till is readily detected in 
the change of color. It is a natural suggestion, therefore, that the 
Lafayette and Columbian formations of the South have been derived, 
along their northern borders, in part from the preglacial residuary 
soils of the North. The finely comminuted and unoxidized glacial 
detritus constitutes now the basis or matrix of the till, and is very 
largely represented in the modified drift. But except to a very limited 
extent it is entirely unidentifiable as to its source and the distance of 
its transportation. The vast deposits of modified drift in Southeastern 
New England, and the great average thickness of till in Ohio and 
other interior States, not to mention distinctly morainal accumula- 
tions, indicate, however, when compared with the scanty deposits of 
drift over many northern areas in New England and Canada, that a 
large volume of the older, finer, and less readily identifiable part of the 
drift is relatively far-traveled. In its earliest stages the ice-sheet, we 
may reasonably suppose, wore away and absorbed a considerable thick- 
ness of rotten rock underlying the residuary soil; and during its max- 
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imum stage, as already noted, the hard rocks suffered glacial abrasion 
on the lee slopes as well as on the stoss slopes. The conditions must 
then have been very unfavorable to the rending of the ledges and the 
detachment of fragments and bowlders ; but this came later with the 
decline of the ice-sheet, when the flowage pressure so far predominated 
over the vertical pressure that the ice pulled away from instead of fol- 
lowing down the lee slopes. 

Approaching the subject in this way, I can see no escape from the 
conclusion that the rock fragments and bowlders must date chiefly 
from the later stages of the ice-sheet. Hence they must have been, 
in general, the last material to be absorbed by the ice-sheet and the 
first to be deposited by basal melting. Under favorable conditions of 
flexing or shearing a small part of this material attained a high level in 
the ice and enjoyed a long glacial transport ; but the fact that most of 
it is still near the parent ledges will, I judge, be found quite consistent 
with the englacial theory if due allowance be made for the relatively 
short time that it was inclosed in the ice and for its basal position and 
the low velocity of the basal layers of the ice. Although the total 
forward movement of the ice, as indicated by far-traveled erratics, 
appears to have been as much as five or six hundred miles, and even 
in some parts of the glaciated areas perhaps a thousand miles, a basal 
slipping of one twentieth of that distance or less would probably be 
regarded as sufficient to account for the erosion of the bed-rock sur- 
face and the normal distribution of the identifiable fragments. In this 
connection I venture to repeat the suggestion that possibly the total 
movement of the ice has been overestimated, the more distant erratics 
having been, perhaps, transported in part by water, and not wholly by 
the ice-sheet, each marked recession of the ice-sheet providing a series 
of glacial lakes and rivers along its margin. 

Since writing out this paper I have realized more distinctly than 
before that the points relating to the entire volume of the drift having 
been englacial during the active erosion of the bed-rock, the efficient 
protection afforded glaciated surfaces by even a thin layer of till, and 
the consequent ruling out of drag as a mode of glacial transportation 
have been previously stated by Mr. Upham.! But since I have ap- 
proached the subject in quite a different way, and there are still minor 
points of difference, this general acknowledgment is, perhaps, prefer- 
able to any attempt at quotation. 





* Bull. Geol. Soc. Amer., 5, 71-86, etc. 
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SOME EXPERIMENTS ON THE GROWTH OF DIATOMS. 


By GEORGE C. WHIPPLE, S.B. 


Received April 14, 1896. 


In a paper published in 1894 the writer suggested an explanation 
for the peculiar seasonal distribution of diatoms in lakes and ponds. 
It was shown that in deep ponds these minute plants are found 
abundantly during the spring and fall, but are almost entirely ab- 
sent during the summer and winter; that these growths are closely 
connected with the phenomena of circulation and stagnation of. the 
water, which phenomena are due to temperature changes; and that it 
is during the periods of the year when the water is in complete cir- 
culation throughout the vertical that the diatom growths occur. The 
explanation offered for these facts had reference chiefly to the food 
supply. It was stated that diatoms require a sufficient supply of ni- 
trogen in the form of nitrates, and that they require a free circula- 
tion of air; and it was shown how during the “ periods of circulation” 
in the spring and fall these conditions were fulfilled. In the light 
of more extended observations and experiments this food supply 
theory, taken alone, is seen to be inadequate, and while it is true 
that the question of food is one of fundamental importance, yet 
there are other factors which materially influence their growth. 
With a view to determining the nature and effect of some of 
these influences the writer has conducted during the past year sev- 
eral series of experiments, some of the results of which are here 
presented. 

It is not an easy matter to cultivate diatoms successfully in the 
laboratory to obtain comparative results. They are organisms which 
have an extremely sensitive nature, and slight changes in their en- 
vironment often make great differences in their growth. The tem- 
perature, the amount of light, the shape dnd size of the jar in which 
they are grown, the action of the glass upon the water, etc., are all 
disturbing elements affecting their growth. Take, for example, the 
shape of the jar. On one occasion three portions of a sample of 
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Cochituate water were placed in three jars of various shapes, each of 
which held 500 cc. In the first the water had a depth of 25 cm. 
and a surface area of 20 sq. cm.; in the second the depth was 7.1 
cm. and the area 70 sq. cm.; in the third the depth was 2.7 cm. 
and the area 186 sq. cm. The three jars were placed side by side 
on the window sill so that they received practically the same amount 
of light, and the temperature was found by observation to be the same 
in each case. The water in each jar originally contained 226 diatoms 
per cc. After standing ten days the water in the first jar contained 
685 per cc.; in the second jar, 1,537; and in the third jar, 7,585. 
Of the last 6,060 were Synedra, 1,080 Melosira, 235 Tabellaria, 200 
Asterionella, 10 Stephanodiscus. The large number per cc. in the 
third jar was no doubt partly caused by greater evaporation from 
the large surface exposed and the consequent higher concentration 
of the organisms, but it was chiefly due to the greater opportunity 
for the absorption of air. Inthe deep jar the water could not take 
up the oxygen and carbonic acid from the air as fast as the diatoms 
used them up. Moreover the diatoms settled to the bottom of the 
jars, where they grew as a brown, velvety layer. The distance of 
these growths from the surface also affected their supply of air. 

Another experiment made at the same time gave similar results. 
Into three cylinders, equal in diameter, were poured different quanti- 
ties of the same sample of water. The first contained 100 cc., the 
second 200 cc., and the third 500 cc., the depths being, respectively, 
I.4cm., 2.9 cm., and 7.1 cm. The original water contained 226 dia- 
toms percc. After ten days the first jar contained 2,288, the second 
1,733, and the third 1,537 per cc. 

To more clearly illustrate the fact that diatoms do not grow with- 
out air two cultures of reservoir water were made in flasks, one being 
open to the air and the other covered with a thin layer of oil. The 
water originally contained 150 per cc. After twenty-five days the 
open flask contained 7,648 per cc., while the other contained but 192. 
An attempt to force a growth of diatoms in a flask by allowing air 
to continually bubble up through the water was a failure, the agitation 
produced being more than the delicate plants could stand. 

It was also found in the-laboratory experiments that the position 
of the jars in the window caused marked variations in the intensity 
of the growths. Those on the side of the window where the light 
was strongest gave the heaviest growths, except in one spot where 
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the sunlight fell; there the growth was small. These facts led to a 
more extensive investigation to determine the effect of light of vary- 
ing intensities. It was known, of course, that, in common with all 
chlorophyllaceous plants, diatoms will not’ grow in the dark, and it was 
also known that exposure to bright sunlight will kill them, but be- 
tween the bright sunlight and total darkness there was a wide field 
for experiment. 

A variety of preliminary experiments was made to determine the 
best method of regulating the intensity of the light and of securing 
such conditions that the results would be fairly comparable. They 
all showed that in the laboratory it was next to impossible to secure 
the desired result. It was therefore decided to make the experi- 
ments in the ponds themselves, under conditions as nearly as possi- 
ble like those found in nature. 

The method employed was an extremely simple one. It consisted 
of suspending bottles filled with water from the same source at dif- 
ferent depths in the pond, the bottles being tied to a rope which 
hung from an anchored buoy. After a certain time the bottles were 
drawn to the surface and the water examined, records being kept of 
the number of diatoms in each sample before and after exposure. 
The bottles varied in capacity from 150 to 1,000 cc. In the first five 
experiments they were tightly stoppered, but in the later ones silk 
bolting cloth was tied over the mouths of the bottles, and inverted 
glass tumblers were placed above. The latter arrangement gave 
much heavier growths on account of providing better opportunity 
for the circulation of air and for the renewal of food supply. 

The results of the experiments are given in tabular form at the 
end of this paper. Before discussing them, however, it will be ap- 
propriate to consider the subject of the nature and intensity of the 
light at various depths in the water. 

This subject has not been as thoroughly investigated as its im- 
portance appears to demand, and most of the investigations that have 
been made were made upon the clear water of the ocean or of large 
lakes. Perhaps the most complete study of the transparency of water 
was that made by Professor F. A. Forel upon the water of Lake Le- 
man in Switzerland. 

His experiments are fully described in the second voiume of 
his recent monograph, entitled Le Léman.1 Three methods of ex- 


* Forel, F. A. Le Léman, monographie limnologique, Lausanne, 1895. 
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periment were employed. The first was that of the visibility of 
plates. This method, first used by Secchi in 1865 in determining 
the transparency of the water of the Mediterranean Sea, consisted of 
lowering a white disk (20 cm. in diameter) into the water and noting 
the depth at which it disappeared from view, and then raising it and 
noting the point at which it reappeared. The mean of these two 
depths was called the limit of visibility. The second method, known 
as that of the Genevan Commission, was similar to the first, but 
instead of a white disk an incandescent light was lowered into the 
water. This light when seen through the water from above pre- 
sented an appearance similar to that of a street lamp in a fog, 
that is, there was a bright spot surrounded by a halo of diffused 
light. When the light was lowered into the water this bright spot 
first disappeared from view. The depth of this point was noted 
as the “limit of clear vision.” Finally the diffused light disap- 
peared, and the depth of this point was noted as the “limit of 
diffused light.” Both the first and second methods were useful 
only in comparing the relative transparency of different waters or 
of the same water at different times. In order to get an idea 
of the intensity of light at different depths a photographic method 
was used. Sheets of sensitized albumen paper were prepared and 
mounted in a frame in such a way that half of the sheet was 
covered with a black screen, while the other half was exposed. A 
series of these papers was attached to a rope and lowered into 
the water; they were at equal distances apart, and so supported 
that they assumed a horizontal position in the water. They were 
placed in position during the night and allowed to remain twenty- 
four hours. On the next night they were drawn up and placed in 
a toning bath. A comparison of the prints made at different depths 
enabled the observer to determine the depth at which the light ceased 
to affect the plates and to obtain some idea of the relative intensity 
of the light at the different depths. To assist in this comparison 
an arbitrary scale was made by exposing sheets of the same paper to 
bright sunlight for different lengths of time. 

The results of the experiments are given by Forel as follows: 

In Lake Leman the limit of visibility of a white disk 20 cm. in 
diameter was 21 m._ The limit of clear vision of a 7-candle-power 
incandescent lamp was 40 m.; the limit of diffused light was about 
90 m. The depth at which the light ceased to have any effect on 
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the photographic paper was 100 m. when the paper was sensitized 
with chloride of silver, and about 200 when sensitized with iodobro- 
mide of silver. These depths were much less in summer than in 
winter on account of the increased turbidity of the water. The 
transparency of the water of other lakes, as shown by the limit of 
visibility of a white disk, is cited as follows: Lake Tahoe, 33 m.; La 
Mer des Antilles, 50 m.; Lac Lucal, 60 m.; Mediterranean Sea, 42.5 
m.; Pacific Ocean, 59 m. It should be remembered that these are all 
comparatively light-colored waters, and that in them the light pene- 
trates to far greater distances than in the brown-colored and more or 
less turbid water of many of our New England ponds. For example, 
in the Chestnut Hill Reservoir a plate lowered into the water at a 
time when the color was 0.92 disappeared from view at a depth of 
only 6 feet.} 

The decrease in the intensity of light below the surface is due to 
two causes: First, the absorption of a certain portion of the light by 
the water; and second, the presence of fine particles in suspension, 
which act as a screen to shut out the light. The coefficient of ab- 
sorption of light by water is practically unknown. It varies greatly, 
of course, with the quality of the water. Wild? gives the following 
figures for distilled water, and shows that the power of absorption 
increases with the temperature: 





Intensity of light after passing through 


Temperature. 1 dm. of distilled water. 





24.4° Cent. 0.9179 
mo | 0.93968 
c= 0.94769 








* Recent experiments by the writer have shown that the limit of visibility may be de- 
termined most accurately by using a disk about 8 inches in diameter, divided into quad- 
rants painted alternately black and white, like the target of a level rod, and looking ver- 
tically down upon it through a water telescope provided with a suitable sun-shade. It has 
been found that the limit of visibility obtained in this manner bears a very close relation 
to the turbidity of the water, and it seems quite possible that this simple experiment may 
be of considerable value in determining the relative turbidities of different waters. 


2 Wild, H. ‘‘Ueber die Lichtabsorption der Luft,” Poggendorfs Annalen, Anhang, 
cxxxiv, 582, Berlin, 1868. 


3 Forel considers these values too low, and with this the writer concurs. 
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The reduction of light in passing through water is supposed to fol- 
low the law that as the depth increases arithmetically the intensity 
of the light decreases geometrically. For example, if the intensity of 
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the light falling upon the surface of a pond is represented by 1, and 
if } of the light is absorbed by the first foot of water, then the in- 
tensity of light at the depth of one foot will be ?; the second foot 
of water will absorb + of 3, and the intensity at a depth of 2 feet 














oan 


re 











Some Experiments on the Growth of Diatoms. 151 
will therefore be ;%, and so on. At this rate of decrease the in- 
tensity of light at a depth of 10 feet will be only about 5 per cent. 
of that at the surface. 

In regard to the quality of the light at different depths there 
is little accurate data to be obtained. In a general way, however, 
it may be said that the red and yellow rays are most readily 
transmitted. 

The practical question to be decided by the experiments was not 
the exact amount of light necessary for the development of diatoms, 
but the depth below which they are unable to grow and the difference 
in the growths at various depths caused by variations in the intensity 
of the light. The observations here recorded are offered as a partial 
answer to these questions. 

Fig. 1 shows the results of one series of observations. Bottles 
were filled with Cochituate water and located in Chestnut Hill Res- 
ervoir at depths of 2, 4, 6, 8, 10, and 25 feet, where they remained 
from April 29 to May 13, 1895. During this time the temperature 
varied from 53° to 62°, and the color of the water in which they 
were immersed was 0.58 (Platinum Standard). The relative growths 
at the different depths are shown by the curve, the number of dia- 
toms in the original water being indicated by the broken line. Near 
the surface, it will be observed, there was a vigorous growth, there 
being more than 25,000 diatoms per cc. Most of these were Syne- 
dra. At greater depths the numbers were less, and at the bottom 
there were fewer than in the original sample. In Experiments Nos, 
3 to 7 the “surface” samples were so placed that at times they were 
partially above the water, and therefore exposed to varying atmos- 
pheric temperatures and occasionally to direct sunlight. The effect 
was seen in diminished growth. In those series the maximum growth 
was found just below the surface. In the other experiments the 


’ 


“surface”? samples were immersed about 6 inches. These always 
gave the maximum growths. In Experiment No. 8 there were two 
‘surface’? samples—one just above the surface and one immersed 
6 inches. The latter gave the greater growth. 

At what depth do the diatoms cease to develop, that is, at what 
depth is the intensity of the light so weak that it is incapable of 


growth? The experiments 


furnishing the energy sufficient for their 
show what we should naturally expect, that it depends upon the char- 


acter of the water —its color, turbidity, etc. This is illustrated by 
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Fig. 2, which shows the results of two series of experiments upon 
water of the same kind located in Lake Cochituate and Chestnut’ 
Hill Reservoir. The former had a color of 0.33, while the color of 
the latter was 0.87. The difference between the two series is very 
striking. In the light-colored water the growths were heavier and 
extended to greater depths than in the darker water. Curve No. I 
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FIG. 2. 


represents the growths in Chestnut Hill Reservoir, and Curve No. 2 
those in Lake Cochituate. The number of diatoms in the original 
sample is shown by the broken line. The point at which this broken 
line cuts the curves may be called the limit of growth. In Lake 
Cochituate this point was at a depth of about 12 feet; in Chestnut 
Hill Reservoir, 6 feet. 
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This limit of growth has been determined for each series of ex- 
periments. It varies considerably, but may be shown to be dependent 


largely upon the color of the water. If, for example, we divide the 
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experiments into groups according to the color of the water, we ob- 
tain the following average values : 





Number of Observations. | 





Average Color. 


(Platinum Standard.) Average Limit of Growth in Feet. 
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0.29 15 
0.60 12 
0.86 8 














Thus we see that in the dark waters the limit of growth is about 
8 feet, while in the light waters it is about 15 feet. The limit of 
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growth in a perfectly clear, colorless water is unknown, but the ex- 
periments of Forel and others indicate that it might be found at a 
considerable depth. 
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FIG. 4. 


In order to appreciate better the fact that the extent of the 
growth of diatoms depends upon the intensity of the light, let us 
consider Experiments Nos. 9 and 10. These two series of experi- 
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ments were made at a time when the temperature of the water in 
the reservoir was almost exactly the same from the surface to the 
bottom. The average of the results of these two experiments is 
shown in Fig. 3. In connection with these experiments the co- 
efficient of absorption of light by the water was approximately deter- 


mined in the laboratory, and the intensity of light was calculated for 
the different depths. These values are shown by the broken line 
in Fig. 3. The parallelism of this line with that representing the 
growth of diatoms is very striking. 

Fig. 4 shows the results of a series of experiments in which 
several examinations of each sample were made. These emphasize 
the fact that the rate of growth varies with the amount of light. 

In Experiment No. 8 complete microscopical examinations were 
made. The diatoms, however, were the only organisms that devel- 
oped extensively. Near the surface a few of the green alge were 
seen during the first week or two. The Cyanophycez (chiefly a form 
of Anabzna) increased slightly at first and then began to disappear. 
Some of the infusoria developed to a slight extent near the surface. 
Whether this was on account of the difference in the amount of 
light or in the larger amount of food material near the surface is 
uncertain. It should be noticed that the amorphous matter increased 
from week to week, and that it was most abundant near the surface. 
As a supplement to this experiment, the bottle which had been sus- 
pended for three weeks at a depth of 20 feet was brought to the 
surface on November 30 and supported at a depth of 1 foot. On 
December 7 the diatoms, which at the bottom had decreased to 149 
per cc., were 278 per cc. and in a healthy condition. They would 
doubtless have increased still more had not the experiment been ac- 
cidentally terminated. 

Diatoms are said to be positively heliotropic, that is, they tend to 
move towards the light. In some species this power is quite strong; 
in others it is less noticeable. For the purpose of determining the 
heliotropism of the diatoms commonly found in water supplies, sam- 
ples of water rich in diatoms were placed in brass tubes 3 inches in 
diameter and 32 inches long, having glass ends. One end was cov- 
ered with a black cap, and the other end exposed to the light. After 
varying lengths of exposure, portions of the water were drawn from 
each end of the tubes and examined microscopically. As an exam- 
ple of the results obtained the following may be quoted. Cochituate 
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water containing 992 diatoms per cc. was exposed in a tube for twelve 
hours. At the end of that time the water at the light end of the 
tube contained 1,438, and that at the dark end only 320. Some of 
the tubes were inclined, to see if the diatoms would move upwards 
towards the light ; some of them were placed vertically ; in others the 
diatoms were given time to settle before the exposure was made. 
The experiments showed that most of the common genera tended to 
move towards the light while settling, but that having once reached 
the bottom of the tube they remained where they fell. They appar- 
ently did not possess the power of moving upwards towards the light 
—certainly not through any great depth of water. But while they 
could not rise of their own accord, slight currents of convection 
caused by varying the temperature of the water sufficed to keep them 
near the surface. 

The inability of certain diatoms to rise towards the light of 
their own accord was also shown by another experiment. Glass 
tubes 1} inches in diameter and 5 feet long, open at the lower 
end but closed at the top, were suspended in the reservoir at a 
time when Tabellaria and Stephanodiscus were numerous. The tops 
of the tubes were level with the surface of the water, and were so 
arranged that samples could be drawn from the closed ends. After 
these tubes were allowed to stand for a few hours it was almost 
invariably found that the diatoms had settled and that the water at 
the top of the tubes was practically free frsm them. Other exper- 
iments along this line are in progress, and it is hoped that some 
interesting results will be reached. 

The bearing which these facts have upon the seasonal distribution 
of diatoms is obvious, and we are now better able to understand why 
it is that their growths occur during those seasons of the year when the 
water is in circulation throughout the vertical. During those periods 
not only is food more abundant, but the vertical currents keep the 
diatoms near the surface, where there is light enough to stimulate 
their growth, and where there is an abundance of air. If this theory 
be true, it must follow that the weather has a marked influence upon 
their growth. We should expect that the greatest growths would 
occur on warm, fair days, when there is just wind enough to keep the 
diatoms near the surface. On quiet days we should expect that they 
would sink in the water, perhaps below the limit of their growth. 
During a long period of quiet weather they might sink even to such 
a depth that they would not again be able to reach the surface. 
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This is just what took place in Lake Cochituate in the spring of 
1895. In this lake there is almost invariably a heavy spring growth 
of diatoms, but in 1895 the growth was small. It began as usual, 
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FIG. 5. 


the diatoms being apparently in good condition. Early in May, how- 
ever, there were a few days of uncommonly warm weather. The 
temperature of the air went above 90°, and the temperature of the 
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surface water on one day was 76°. For almost a week the water was 
very calm. During this calm weather the diatoms settled rapidly, 
disappearing almost entirely from the surface. In the meantime the 
water became stratified, on account of the high temperature of the 
surface layers, and when once more the wind began to blow its in- 
fluence was felt only 10 or 15 feet below the surface. The diatoms, 
having settled below that depth, were unable to rise, and consequently 
their growth ceased. These facts are illustrated in Fig. 5. In 
Basin III, which is not nearly as deep as Lake Cochituate, the 
growth of diatoms was arrested during the same warm, quiet pe- 
riod, but inasmuch as circulation afterwards reached to the bottom 
the growth began again, and continued until the next warm, quiet 
period, which occurred in June, checked it. In this connection it will 
be recalled that when the ice forms over a pond the diatom growths 
usually cease (though several notable exceptions might be mentioned). 

Since the growth of diatoms depends upon the intensity of light, 
and since this is greater in colorless than in dark-colored waters, we 
may naturally expect to find the most extensive growth in light-col- 
ored waters. While it is true that food supply is quite as important 
as light for the growth of these organisms, yet it is true that to a 
certain extent the light-colored waters do show the greatest tendency 
to develop diatom growths. 

The writer has recently compared the diatom growths in fifty- 
seven ponds and reservoirs of Massachusetts, as given in the reports 
of the State Board of Health. The result of this comparison is shown 
in the following table. From this we see that most of the heaviest 
growths occur in the light-colored waters, while in the very dark 
waters there are few. The table also shows that high chlorine, high 
hardness, and high nitrogen are favorable to their growth. In other 
words, an abundant food supply and a light-colored water are among 
their favorable conditions. 
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Cuemicat ANALYSIS. (PARTS PER 100,000.) a8 | Eg : 

COE Wan ak es 0 to 0.30 12 4 9 4 
eee | 030 to 0.60 ‘is 4 | 0 
| 060 to 1.00 é h. 5 1 

1.00 to — a a 1 1 

Excess of Chlorine. . ... . 0 4 2 1 2 

-O1 to .03 8 1 8 2 

.04 to .25 8 3 10 2 

.25 to — 4 2 0 0 

een eer 0 to 0.5 2 1 a | S 

0.5 to 1.0 y } oe" 

1.0 to 2.0 8 0 10 | ] 

2.0 to — 7 o 4 : f @ 

Nitrogen as Albuminoid Ammonia, 0 to .0100 2 0 os |; 2 

(In solution.) | 

0100 to .0150 6 1 > pes 

0150 to .0200 8 6 7 | 1 

. | .0200 to — 8 1 | oo oe 

hes - Ls ae | 

Nitrogen as Free Ammonia. . . 0 to .0010 3 2 5 | 3 

0010 to .0030 6 1 | 10 2 

" 0030 to .0100 8 L | 4 | ] 
0100 to — 7 0 | 0 | 0 

Nitrogen as Nitrates . . . . . 0 to .0050 3 3 | a 6 
.0050 to .0100 11 2 13 0 
.0100 to .0200 6 1 ] 0 
| .0200 to 0 
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The writer has avoided reference to particular genera, for the 
reason that the experiments were hardly extensive enough to draw 
any general conclusions. The fact was noticed, however, that differ- 
ent genéra require different amounts of light for their best growth. 
Melosira, for instance, do not require as much light as Synedra. In 
Experiment No. 2 Melosira were found growing at a depth of 10 
feet. In this connection it is interesting to note that Melosira sink 
in the water more rapidly than many of the common diatoms. It is 
very seldom, even during a vigorous growth, that they are found more 
abundant at the surface than at greater depths. It may be that on 
account of their tendency to sink in the water they have gradually 
become adapted to their dark environment, and are able to get along 
with less light than other diatoms. Asterionella, on the other hand, 
is slow in settling. Even in quiet weather it is found most abun- 
dant at the surface. This genus is known to be slightly motile, 
and it may be that when supplied with a flood of light its power of 
heliotropism becomes sufficient to overcome the effect of gravity. 

In most ponds where diatoms flourish different genera come and 
go in a most irregular manner; they develop one after another or 
they all grow at once; sometimes only one genus appears. As yet 
no theory has been advanced to account for their erratic succession. 
It is quite possible, however, that the cause may be found to be 
connected with their motility, their relative specific gravity, and their 
sensitiveness to light. 

In conclusion the writer desires to express his obligations to Mr. 


W. F. Murphy and Mr. C, E. Livermore, who have kindly assisted 
him in the various experiments. 
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EXPERIMENT NO. 1. 


Sudbury Water located in Chestnut Hill Reservoir. April 8-29, 1895. 
Temperature, 39-53° F. Color, 0.56. 


























1 NuMBER PER CC. 
Date. Deptu. ad | 3 
a 3 ; x a 
g$|/ 3 |] 8 S| 3 
} e<i\;ala|eielal e 
April8 ...... . . «| Alldepths.| 8| 0 | 1 1} 8/0] 18 
MEE ck 2 os 2 1 ft. | 110 o | 4 |1896| 16| 0 | 2,026 
| | 
ea ar ee 5 ft. +162); 0 | 2| 54;132| 2 ! 352 
ee ee ee ee ee 10 ft. 0}; 0} 0 3} 0O| 0 3 
Mee oe aS Ve as 15 ft. 0; 0 0 2 0; 0 2 
Renee: & Sig 4 eee 20 ft. 0; 0 yl 8 0; 0 8 
| 

| ee ae a 25 ft. 0;12 |} 0] 6] 0} 0 18 




















EXPERIMENT NO. 2. 


Cochituate Water located in the Chestnut Hill Reservoir. April 29 to May 13, 1895. 
Temperature, 53°-62°. Color, 0.58. 























NuMBER PER CC. 
é | 

s Date. Dept. a 2 | : 
$/3)/8| 2/2] 3 
mt om al aw |e = 
April 29. . . «. «+ « « « « | Alldepths. 94 196 | 3 a} 1S 319 
May13 ........./i] 2ft. |4,040| 910] 20 22,010} 550 | 27,530 
an eee 570| 80 10, 6,800! 120; 7,580 
My13.........{ 68 | 380] 650) 26| 4,510 284 | 5,850 
6. ae a a ee 8 ft. 650| $40 26 | 1,304) 100, 2,920 

| | 
Dee oo ed a es 10 ft. 154 | 1,380 | 10 | 80 | 0| 1,624 
| 


May13.....-4+-| Sf | 26) 198) 07 88 | 28| 264 
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EXPERIMENT NO. 3. 





Cochituate Water located in the Chestnut Hill Reservoir. May 15 to June 3, 1895. 
Temperature, 62°-68°. 


Color, 0.57. 
































NUMBER PER CC. 
2 | @ 
Darts. Deptu. a gz cad | ae 
= « 2 
Sia isl % 313 - 
4 o o § = me] s 
</2|a/ @ HS 2 
May 15 All depths. | 61 | 29 | 12 17; 10] 0} 129 
May 20 Surface. | 196 | 28|12) 896 104} 0} 1,236 
“ 2 ft. 108 | 32/20] 1,408; 56| 0} 1,624 
e a 3 116 | 56 | 36 584} 80} O| 872 
«“ 6 « 88 | 20 | 32 288| 28] 0| 456 
“ 8“ | 56} 8| 24 136; 24| O| 248 
“ 10“ | O| 0/36] 220; 8| O| 264 
“ is | wi #) 8 192; 28} 0O| 300 
“ 5 16 | 16} 32 204; 16} O| 284 
“ 5 « 80) 36|20| 104] 0| 0} 240 
May 23 Surface. 140 0} 40| 9,340; 80; 0j| 9,600 
‘ 2 ft. 80 0} 80| 6,870} 0 | 220) 7,250 
“ 4“ 572 | 76| 48| 3,464] 204/ 0| 4,364 
«“ 6 “ 176 36 60| 1,020) 104/ 0} 1,3% 
a“ g « 256| 76} 48| 500| 68| O| 948 
“ 10 “ 56| 56\16| 904] 24] O|} 1,056 
“ 15 “ 60; 16) 20| 376] 56} O| 528 
“ 20* | 20} O| O| 400] O| O| 420 
“ 25 + 12| 20/24] 152} 8| O| 216 
May 27 Surface. | 200| 0 60|18,800| 40} 0 | 19,100 
“ 2ft. | 0} 0} 0/10,100} 80} 20 | 10,200 
“ 4 * | 140 | 100 | 60 | 21,550] 290 | 10 | 22,150 
“ G * | 70) 50) 90) 4,580] 90} 0} 4,88) 
“ 8 “ | 188} 56| 40] 1,184| 160} 0} 1,628 
“ 10“ | 60} 92] 8] 1,256] 64] 8/ 1,488 
“ 15 * 104 | 56/16| 316] 16; 4| 512 
“ 20“ | 40| 32/16] 404} O| O| 492 
a 2“ | O| 16 * 9%| 16] 0 148 
June 3 Surface. en ee en eee eee ea ee 
“ 2 ft. 170, 0} 0/ 28.050} 40 0 | 28,260 
a a 4 0 0! 0 | 88,600! 40 0 | 88,640 
«“ 6“ 0 0) 20) 15,850} 110 0 | 15,980 
“ 8 160 0} 30/14,250| 170 0 | 14,630 
“ 10. 80 120 | 50} 5,140} 0 0 | 5,390 
“ 15“ 80 20) 10) 1,830] 0. 0} 1,940 
“ 20 * 60 80) 20}; 950) 10 0} 1,120 
‘ 25 + 50 20 | 20 70 0 230 


a 

















Some Experiments on the Growth of Diatoms. 163 


EXPERIMENT NO. 4. 


Cochituate Water (from depth of 30 ft.) located in Lake Cochituate. May 31 to June 7, 1895. 
Temperature, 64°-70°. Color, 0.29. 














) NuMBER PER CC. 
$s | 
Date. Deptu. s 3 | ‘ 
3 | ¢ 8 a | -£ 
‘oe ah a | s = 
May 31 All depths. | 31 62 2 2 7 104 
Tune 7 Surface. | 350 0 70 380 0 800 
June 7 24 ft. | 120 40 80 {11,100} 50 | 11,390 
June 7 5 ft [310 0 40 2,030 | 160 2,540 
lure 7 10 ft. | 32 0 8 “| 2 112 
June 7 ES ft. | 20 0 8 24 8 6) 
lune 7 20 ft. | 48 12 8 12 4 S4 
lune 7 ot | 2 0 8 32} ¥2 76 
lure 7 30 ft. | 24 48 8 + 16 100 
June 7 | © ft |} & 16 28 4; 40 144 
lune 7 | 50 ft. | 40 48 12 20; 28 148 
lune 7 | 60 ft. | 12 | 56 | 12 | 44} 40 164 





EXPERIMENT NO. 5. 


Sudbury Water located in the Chestnut Hill Reservoir. June 5 to June 19, 1895. 
Temperature, 67°-72°. Color, 0.57. 





NuMBER PER CC. 

















Date. | Deptu. a | g _ = | 
gial? ; | # | é | 
| Bie tim ae ce lee 
: | <|2|a | @ilel|sl! 4 
June Ss 6 Ss a ye ws | eee GS) OT ia} 12| 72 | 13 120 
pc NS | a or a ar em Surface. | 120} 0} 0; 520/ 690| 0} 1,330 
WG eos ic, shee ah cae 5 ft. | 0} Oj; O| 9,500; 100; 0} 9,600 
(OOS Ye ee ae eee 10 ft. | 32} 0} 20 980} 140 | O]| 1,172 
ORE Ene Scere ec Nmde os Sy ces 15 ft. | 16 0; 8 776| 72 0 872 
‘ WOME Pate ss a es ee, Se | 20 ft. | 16; 0| 16 | 12) 64) 0 | 208 
CS ee . soe | 25 ft. 0 0 | 20} 68 | 192 0 | 280 
June 19. «| Sarkaee [| se) sa MSR eed ed eee 
oS eae are are 5 ft. | 40 0 | 90 | 28,000; 40 | 0 | 28,170 
\ TOMES fess “vee Ge “60a ee 10 ft. | Oj} O| 30| 2,870} 60; 0O| 2,960 
a Rs heehee OS: (Gey ee Gan 15 ft. | 200 | 40 | 80 | 210/; 160! 0} 690 
| a | SS eee a 20 ft. | @] O01 | si &i O; 3 
td PAGES oe ie ee cer ® 25 ft. 12.) 12.1 60 120| 76 0 280 
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EXPERIMENT NO. 5a. 





Cochituate Water located in the Chestnut Hill Reservoir. June 5 to June 19, 1895. 


Temperature, 67°-72°. 


Color, 0.57. 














NuMBER PER Cc. 
= | a 
Date. Deprtu. a 32 / 8 
elgii| ¢ | $\ 3 
By; 84 3 3/8] - 
- | 3 |S & a | 3 2 
< | =| a a a | = a 
June 5 . All depths. | 0 | 0 | 27 4| 8 | 10 49 
June 12. Surface. | 110} 0| 0 300 760; 0] 1,170 
June 12. 5 ft. 0} 0/10} 1,840, 80] 0| 1,930 
June 12. 10 ft. 16; 0| 4 888| 28] 0| 936 
June 12. 15 ft. 0| 0| 40 72; 0| 0 112 
June 12. 20 ft. 24 | 0 | 20 182) 24] 0 252 
June 12. 25 ft. 0| 0| 36 16| 4] 0 56 
June 19. Surface. sia wel er eer Pe 
June 19. Sift. 0| 0| 20/16,800! 0} 0} 16,820 
June 19. 10 ft. 0| 0} 20| 10,550} 40| 0 | 10,610 
June 19. 15 ft. 0; 0/40! 280} 20| 0 340 ° 
June 19. 20 ft. 0| 0} 40 330} 0} 0 370 
June 19. 25 ft. 0| 0 | 9; 60} 0} 0 150 
| 


























EXPERIMENT NO. 6. 
Cochituate Water (from depth of 60 ft.) located in the Chestnut Hill Reservoir. 


July 11 to July 26, 1895. Temperature, 69°-77°. Color, 0.58. 














NuMBER PER CC. 
| | 7 
a | | 
Date. DEPTH. a | 8 } | 
3 . 1g ae a 
| eligi gial. 
$|/2/¢(/21]3 12 
2/2 )/a|/a|eéa|é 
July ll . All depths.| 2 | 30 | 8 4; 0 44 
July 26 . Surface. o | 8 0 328 0 328 
July 26 . 24 ft. 0 32 0 8 0 40 
July 26 5 ‘ft. 0 0 0 | 4,400 0 | 4,400 
July 26 . 7 ft. 0 0 QO | 1,472 0 | 1,472 
July 26 10 ft. 0 0 0 140 56 196 
July 26 . 124 ft. 0 72 0 32| 12 116 
July 26 ° 1S ft. 0 60 0 48 68 176 
July 26 . -| 17} ft. 0 0 0 32| 24 56 
July 26 . 20 ft. 0 24 0 8 0 32 
July 26 . 25 ft. 0 0 0 12 4 16 
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EXPERIMENT NO. 7. 
Reservoir Water located in Lake Cochituate and Basin 3. August 7 to August 17, 1895, 
Temperature, 70°-78°. Color: Lake Cochituate, 0.23; Basin 3, 0.68. 
NUMBER PER CC. 
rat 
Date. Deptu. s | 3 | : 
glial 3 ; | € # 
6 | 8 8 & s 3 
+ | 2 s z 3 = | oe 
$/sa|e|é | 4i/3| ¢ 
< | =| @ a m 9 | & 
August 7 . | Alldepths.| 0 | 0-| 25 | 0 | 8 | 3 | 112 
es | 
Lake Cochituate. 
| l 
August 17 Surface. 6 0 0 | 78 102 0 | 186 
August 17 . 24 ft. 0 0 0 72 432 20 524 
August 17 . 5 ft. 0 | 0; O 82 212 12 306 
August 17 . 74 ft. | F | 
| 
August 17 . 10 ft. 0 | 0/|] 0 20 184 30 | 234 
| | 
August 17 If. | 0/0; 0| 2] so} a2] 64 
| 
August 17 20 ft. 0 | 0 | 4 | 8 56 | 24 92 
| | 
August 17 30 ft. C10) B81) 6 G4 | 2) 5 
Basin 3 
August 17 2h ft. | 0 | 0 | 18 | 28 | 340 | 26.) 412 
August 17 sf. | 0 | 0] 0 | s2 | 158 | 46 | 256 
August 17 7h ft. | 0; 0} o| 12 | 140 | 2 | 154 
August 17 10 ft. | 0 }o| of 8s} 38 | o| 4 
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EXPERIMENT NO. 8. 


Color, 0.83. 













Cochituate Water located in the Chestnut Hill Reservoir. November 8 to November 30, 1895, 
Temperature, 40°-45°. 


NuMBER OF STANDARD UNITS PER Cc. 




























DATE. | Deptu. g § 

BS} a & 

& 3 $ 

a oO 6) 

November 8 All depths. 463 | 4 | 487 
November 12 Above surface. | 1,278 30 | 580 
- 35 Surface. 1,564 | 0 | 632 

* “s | 2k ft. 664 5 | 532 

3 ms | Gy 676 17 | 488 

“ “ 7h 520 0 | 564 

si ‘ | ww 475 | 0 | 476 

=; se | 5 527 | 3 | 384 

3: " | 1 lg 437 | 0 | 456 
November 16 . | Above surface. | 1,381 0 | 355 
i 4 | Surface. 3,075 0 | 680 

= “) 2h ft 1,055 | 13 | 265 

“3 5 Pte 665 13 | 600 

4g sf fg 440 | 20 | 460 

% jes | 543 | 15 | 515 

Xs | > * | 235 9 | 465 

- 7 las | 514) 0O| 375 
November 23 Above surface.?| 1,051 | 0 0 
“ ° Surface. 3,464 | 0 | 460 

. “s 23 ft. 859 | 0 | 470 

a - 5 * 261 | O | 240 

as Ee 103 | 0} 215 
i . . ) 10 « 65 | 0 | 155 
i ‘s x D Ee ep ae ak eer 
“ “ | 20 « 130} 0, 40 
November 30 . | Above sufface. | <.-. 4 <. | 20s 
os Surface. 3,681 | 0/| 50 

4 < 2} ft. ,043 | 18 | 220 

g a 248 | O| 110 

" “ 74“ 259| 0) 95 

7 _ 1G 168:| O} 2 

“i is ass ep (ead hee 
“ xs 20: 149; 0; 10 


| Fungi. 


— 


~ 
CoOCoOonNn*MAOAFAH 


~ 


_ 


_ 


Soscco: Oo: coco ooOSOOCONSCS 


o: 


| Infusoria. 


Total organisms. 


Amorphous. 














* Sample frozen. 
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EXPERIMENT NO. 9. 
Cochituate Water located in Lake Cochituate and the Chestnut Hill Reservoir. 
November 22 to 29, 1895. ‘Temperature, 42°-46°. 
Color: Lake Cochituate, .33; Chestnut Hill Reservoir, +90. 
NuMBER PER CC, 
: —— 
$ | F 
DatTE. Deptu. Ss 2 | 3 
2) og (S| ee = 
S | beeps ls |S 
< | 2/a4|/a7)e8)38] & 
— Se ae “af | _ 
November 22 Alldepths. 824 244) 8. 24) 8] 8/ 1,116 
+} 
vi - a at 
Lake Cochituate. 
November 29 . Surface. 2,820 | 675 | 20 o | 0 | 20 | 3,535 
November 29 | 24 ft. 2,540 | 285 | 10 | 0 | 10 | 0} 2,845 
| | | 
November 29 | 5 ft. | 2,180 290) 10} 0| 50) 0 | 2,530 
November 29 .| ft. | 1,485 | 495] 5 | So | 5| 0| 2,040 
November 29 . 10 ft. | 840/110) 0| 0| 0| 5| 955 
November 29 15 ft. 290 | 205 15 | 0| 0/10) 520 
| | } | 
November 29 | 30 ft. 520 | 360 | 10 | 40 | 20) 0 950 
| | 
November 29 . 50 ft. 285 | 520; 10| 0/15) 5 835 
| 
Chestnut Hill Reservoir. 
November 29 2h ft 1,070 | 125 | 10 | 0/10) 0} 1,215 
| RS 
November 29 S$ £. 770 | 230! 5] 0} 20] O|} 1,025 
November 29 7h ft 840 310| 5 | 0| o| 0} 1,155 
November 29 . 10 ft 485 | 140/10} 0| 0} 0| 635 
November 29 . 15 ft 470 145 | 25| 0| 0| 0| 640 
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EXPERIMENT 


Lake Cochituate Water located in Lake Cochituate and the Chestnut Hill Reservoir. 
November 29 to December 9, 1895. 
Temperature, 40°-44°. Color: Lake Cochituate, .33; Chestnut Hill Reservoir, 84. 


George C. Whipple. 


NO. to. 













NuMBER PER CC. 
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Dats. Deptu. a 3 | : 2 | 
3 - |e la] 8 | 
e1elalslal4l . 
< zi /a|er7l&/S] & 
n 7 ‘i a | Se i 
November 29 . All depths. | 625 | 150 | 13 | 17 | 0| 5| slo 
| | 
Lake Cochituate. 
December 9 Surface. | 3,010 | 685 | 35 | 60| 0! 0 | 3,790 
December 9 23 ft. 1,570 | 505 | 25} 0} 0! 0} 2,100 
December 9 5k, 1,240 | 240 | 40 | 20; O| O| 1,540 
December 9 10 ft. 990 | 270' 0} 0} O|} O} 1,260 
December 9 2S 865 | 260 | 15 0; 20! O| 1,160 
December 9 20 ft. 680 | 230 | 15} 0)} 30); O 955 





Chestnut Hill Reservoir. 





ak RRR 


December 9 


December 9 
December 9 


December 9 


December9 ... 





895 
1,125 
965 


510 | 


265 


| 





435 


170 | 


| 40 | 60 | 50 | 
20 0/10 | 
30| 0| 0| 
| 55 10} 0| 
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NOTES ON THE BEST FORM OF CROSS SECTION FOR 
THE COILS OF A GALVANOMETER. 


I. WHEN THE NEEDLE Is INDEFINITELY SHORT.’ 


By FRANK A. LAWS, S.B. 


Received May 11, 1896. 


THE deduction of the equation of the curve bounding the best 
form of cross section of the coil of a galvanometer is usually made 
subject to conditions, which may be stated as follows: 

A given length of wire is to be wound into a coil, and the cross 
section of the coil must be such that with a given P. D. between its 
terminals the axial component of magnetic force at the center is a 
maximum. 

Consider a unit length of wire bent into a circular arc, and let 
its trace on a plane containing the axis of the coil be defined by the 
codrdinates y and @, let & be the axial component at center of coil 
due to the unit length of wire when carrying a unit current, then the 


Be . ‘ , 
equation 7” = F sin @ gives the locus along which each centimeter 


of wire will have the same efficacy. This equation is that of the 
boundary of the best form of cross section, for any transfer of a 
given length of wire outwards moves it into a position of less effi- 
cacy. This is one solution of the general problem; that it is not the 
only one will appear if the conditions are examined. The solution 
given is for the case where the resistance of the galvanometer has 
a determining influence on the current flowing through it. It would, 
for instance, apply when the instrument is to be used as a current 
galvanometer under conditions such that the solution for the best 
galvanometer resistance is applicable, or when the instrument is to 
be used as a potential galvanometer, for, in order that this instrument 
may be applicable to any particular piece of work, it must have a 
resistance above a certain limit, which is fixed by the work in hand. 
In both cases mentioned, immediately the size of wire is given the 
problem reduces to the best disposition of a given volume of wire. 





' The experimental determination of the curves bounding the best form of cross section 
for the two cases given above, but when the needle is of finite dimensions, is in progress. 
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A solution corresponding to different conditions may be derived. 
The problem may be stated thus: Determine the best form of cross 
section of the coils of a galvanometer when the turrent through the 
instrument is independent of its resistance, or, in other words, is con- 
trolled by conditions external to the instrument. In order to give 
definiteness to the problem the area of cross section must be given. 

The field at the center of the coil due to one turn, the codrdi- 


: $ ; sin? 6 
nates of its trace being % 0 is F = 2mc 





, the measure of 


sin? 0 





the efficacy of a turn is 27 ; denote this by £, then r = 


ST .. 
== sine 8; 


3 ; sista 27 Ct : 
Consider that the space within the curve r = — sin? @ is en- 
—~¢ 


tirely filled with wire. Any replacement of one of the turns by an- 
other outside this area decreases the efficacy of the 
coil as a whole. That the length of wire may be 
altered is immaterial, for by the conditions of the 
problem the current is independent of the resist- 
ance of the instrument. 
As any replacement of ‘turns by others in space 
not occupied by the coil diminishes the field at the 
center of the coil, the form of cross section outlined 


2m ; 
by the equation r= > sin? @ is the best under the 


¢ 


conditions imposed. This second solution — that fora 
given cross section— corresponds to the case of the 
ammeter, for the fundamental principle of ammeter design is that the in- 
troduction of the instrument into the circuit shall not alter the cur- 
rent which it is desired to measure. 
Above are given the outlines of the cross sections corresponding 
to both solutions, the areas inclosed by the curves being equal. 
The curve A shows the solution when the condition is that of 
a given cross sectional area, and curve B the solution when the 
condition is that of a given volume of coil. 


RoGERS LABORATORY OF PHYSICS, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
Boston, March, 1896. 
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RESULTS OF TESTS MADE IN THE ENGINEERING 
LABORATORIES. 


¥. 


Received June 12, 1896. 


APPLIED MECHANICS. 


Tests oN BoLtTepD JoInTs. 


Tue following eight tests form a part of a series not yet finished. 
This series was planned so as to get an increasing compression per 
square inch in front of the rivets ; the object being to find the effect 
of this increasing compression on the efficiency of the joint and on 
the tensile strength of the net section of plate. 

All specimens were made from the same sheet of boiler plate, the 
tensile strength of which was taken from the average of three tests 
as 68,000 pounds per square inch. The bolts were of machine steel 
nicely turned. The tensile strength of the bolt steel was 96,300 
pounds per square inch, this being the average of three tests. The 
holes in the plate were drilled and rimmed, and the bolts were fitted so 
as to be an easy driving fit with a machinist’s hammer. The force 
with which the bolts were set up is noted on some of the tests. 
Micrometer readings of the stretch of the joints were taken from 
both the top and the bottom sides, there being two sets of meas- 
uring points on each side. The dimensions of the joints are shown 
in the table following. The accompanying cuts show the joints after 
fracture. 
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SUMMARY OF TESTS ON BOLTED JOINTS. 
5 ‘ aa an - on . 
2 < 9 oc n= Ss 

3 : 8 . 128 | $2 | &. | 83 5 

& a 2 bt | e¢ ice. gE | “4 

of ee 3/2] 8 |] & [88 | as | Se |gte| 3s 

= s : pee <3 ° 
s| 3 gis] 2] € | | e£ | §8 | eee] 88 | 2 
e oe c _ a : a wre = = Ss 
2 5 & s ro} E Ba:) «fF Es ood os o 
E Ps 3 2 = g ® Reo | Me RS | 3 OZ, a 
3 S = 5 = £ ce S83] 53 eg | Fin | o@ = 
Z| Za a a 5 < b= = = s < % rs) 
alee 2!" 43” 6.01" | 1.62 102,000 | 63,100 | 38,500 | 105,400 | .49’’ 31% 58 
2 3” " ¥94 43" 6.00" | 1.61 101,100 | 62,600 | 38,100 | 104,500 | .49” 15% 57% 
3 de 2x5" 43" 7.69" | 2.18 137,000 | 62,900 | 38,000 | 121,000 | .51/” 28% 61% 
4 4” 29" 43" 7-70" 2.18 136,000 | 62,300 | 37,700 | 120,500 152" 30% 60% 
5 1 3% 44 9-76" | 2.97 1791500 | 60,400 | 38,100 | 136,000 | .57'' 287% 62% 
5 ne 3} 44” | 9.76" | 2.97 | 180,700 | 60,800 | 38,300 | 136,900 | 58 23% | 62% 
7 13” Pd 45 12.00’ | 3.88 238,500 | 61,500 | 39,900 | 158,600 | .59”” 25% 65% 
8} 13” Tit 45’ | 12.00 | 3.88 225,500 | 58,100 | 37,600 | 148,600] .56’” 26% 62% 

Joint No. 2 broke by shearing. 
\ Finer 


K<— —- 2¢- 


je ee ee 


—— ee wwe oe oe we pe ow ow oe ow] — — 


$78 7o43 














—_ 




















Fic. 1. GENERAL DIMENSIONS OF JOINTS. 


Distance between measuring clamps = 12'’. 











No. | dad | p | a 
ae 

ne 7 2" " i ” 
3-4 | 2 7 
ci) | apr] op 

7- gs | a” 4 ’ 12" 
gro | 1h” | 4g” 148” 
I-12 13” 52” 173" 

d@ = diameter of bolts. ~ = pitch, 


a = width of plate. 


> 























FIG. 2. 





BOLTED JoINnT, No. 1. 
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TEST ON BOLTED JOINT. No.1. (Fic. 2.) 


Date, November 5, 1895. 























Nort Sipe. Soutn Sips. Nort Sripz. | Soutn Sipe. 
| 
| F 
| 2 , 
p | $ 
| . _ |e e 
| 8 8 7 | g 
— : : S Ss eo | sa 
; & |; & — & , 2 ‘ o we | 3 
a . os | = i) ° r 3 s 3 £ = 
1S Slee elelelelel aid isle i 
4 is m | fr) o = -) a) = Qa = a <j & 
| 
1,500 | .0678 | .0675 | .0923 | .0923 | .4723 | .4726| 5125 | .5123 | .0500 eove +4924 oc see | 
3,500 | .0070 | ,0672 | .0928 | .0930 | .4720 | .4725 | .5150 | .5152 | .0500 +0000 | .4937 +0013 | .0007 | 
5,500 | .0080 | .0682 | .0933 | .0931 | .4730 | .4732 | -5155 | «5156 | .0507 +0007 | .4943 .0006 -0007 | .0014 
6,500 | .0083 | .0679 | .0938 | .0936 | .4736 | .4740 | .5163 | .5166 | .o509 +0002 | .4951 -0008 | .0005 | .co1g 


Load dropped off for 21 hours; plate strained to 13,500, and load dropped again for 21 hours. 


6,500 | .0746 | .0748 | .1072 | .1073 | .4863 | .4862 | .5378 | .5378 | .og10 cece +5120 coe wees sa'ee 
9,500 | .0759 |.0757 | .1078 | .1076 | .4867 | .4867 | .5383 | .5382 | .og18 +0008 | .5125 +0005 | .0007 | .0026 
12,500 | .0762 | .0763 | .1088 | .1088 | .4871 | .4869 | .5383 | .5382 | .og25 .0009 | .5126 +0001 | .0005 | .0031 
18,500 | -0770 | .1085 | .1083 | .4900 | .4g0r | .5395 | -5394 | .0927 +0002 | .5150 0024 | .0013 | .0044 
24,500 | .0755 | .0753 | .1074 | .1073 | .4950 | .4948 | .5445 | .5443 | .0914 | —.0013 | .5197 +0047 | .0017 | .0061 
27,500 | .0772 .0772 | .1089 | .1090 | .4950 | .4948 | .5444 | -5446 | .0g31 -0017 | .5198 -0001 | .0009 | .0070 
30,500 | .0786 | .0785 | .1097 | .1098 | .4954 | -4953 | -5450 | -5452 | .0942 -OOIL | .§202 -0004 | .0008 | .0078 
33,500 | .0790 | .0788 | .1099 | .1111 | .4954 | -4954 | -5461 | .5463 | .og50 .0008 | .5208 -0006 | .0007 | .0085 





























Load dropped off for 21 hours. 


33,500 | .0800 | .o8or | .r112 | .1113 | .4980 | .4978 | .5483 | .5484 | .0957 sees +5231 ecce | cece | cece 
36,500 | .0813 | .0813 | .1120 | .1120 | .4988 | .4990 | .5492 | .5493 | .0967 s0010 | .5240 .0009 | .0010 | .0095 
39,500 | .0864 | .0862 | .1168 | 8170] +4973 | -4973 | -5485 | .5485 | .1016 +0049 | .5229 | —.00orr | .oo1g | .o114 
42,500 | .0886 | .0884 | .1200 | .1201 | .4976 | .4975 -5498 | .5500 | .1043 -0027 | .5237 -0003 | .0018 | 0132 
48,500 | .0917 | .0917 | «1252 | .1253 | .5015 | .5016 | .5538 | .5540 | +1085 +0042 | .5277 +0040 | .0041 | .0173 
51,500 | .0972 | .0973 | 315 | «1313 | -5027 | .5025 


+5573 | 5574 | -1143 -0058 | . .5300 +0023 | 0041 | .0214 
54,500 | .1080| .1082 | .1438 | .1440 .§065 | .5063 | .5625 | .5627 | .1260 -O117 | «5345 +0045 | .0081 | .0295 
Load dropped off for 69 hours. 











54,500 | .1058 | .1059 | .1406 -1408 | .5127 | .5127 | .5653 | .5653 | .1232 cece +5390 coos | dees sows 
60,500 | .1324 | .1322 | .1683 | .1683 | .5178 | .5179 | -5717 | .5716 | .1503 +0271 | .5448 -0058 | .0165 | .0460 
66,500 | .1684 | .1682 | .2048 | .2048 | .5200 | .§200 | .5717 | .5719 | .1866 +0363 | .5459 -0o11 | .0187 | .0647 
72,500 | .2331 | .2329 | .2690 | .2692 | .5168 | .5168 | .5707 | .5705 | .2511 -0645 | .5437 | —.0022 | .0312 | .0959 














102,000 | Maximum load. (Plate broke by tearing at one side and then shearing bolt on opposite side.) 





ee ee 2” Maximum tension per sq. in. on net sec- 
POOR Gr OU 6 0 erik ee 2” tS a er 63,100 lbs. 
TRESS GH se ew ee oe es Maximum shear per sq. in. on bolt . . . 38,500 lbs. 
WHERE We 6 kk 6.01" Maximum compression per sq. in. on plate, 105,400 lbs, 
Area net section of plate... . . . 1.628q.in. Av. thickness of plate in front of bolts at 

Ses Ae ee eR we, Se -49 in. 
Bolts were set up with 60 lbs. pull on ro-in. wrench. Reduction of area of net section of plate . 31% 


N@icloncy of folat.. 2 6. 1 tw tw 58% 
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TEST ON BOLTED JOINT. No. 2. (Fic. 3.) 










































































Date, November 12, 1895. 
Nortu S1pe. SoutuH Srp. Nortu Sipe. | Soutx Sipe. 
| o 
| 2 ; 
2 8 
vu i] 
3 ‘ = 2 
‘ » 
“a Pe : 12/8 
P ‘ : i) 
3 Bho Se SRS gs] £&|¢ BEE 2& 2 
8 S § |}/8)/s 1/8) & 1] 8 g\é g s| 3 $13 
| = = a | & | & ay a a) = a) < a 
! 
500} -0375 |  .0375 | .1231 | .1229 | .5729 | .5728 | .6657 | .6658 | .0803 code, 1 GORR | oc50 | civics. ] csec 
5,500] .0352 -0352 | .1213 | .1211 | .5767 | .5765 | .6700 | .6702 | .o782 | —.oo021 | .6234 | .0041 | .0010 | ‘oo10 
10,500] .0323 | .0321 | .1195 | .1196| .§807 | .5805 | .6753 | .6753 | .0759 | —.0023 | .6280 | .0046 | .oorrs5 | 0022 
15,500] .0290 | .0290] .1176| .1176| .5852 } +5853 | -6806 | .6806 | .0733 | —.0026 | .6329 | .0049 | .oo115 | -0033 
20,500} .0269 | .0267 | .1156 | .1156 | .5899 | .5897 | .6855 | .6856 | .0712 | —.0021 } .6377 | .0048 | .00135 | .0047 
Load dropped off for 21 hours, 
20,500 | .0274 -0272 | .1151 | .11§2 | .5917 [ .5917 | .6877 | .6876 | .o712 soos | 6397] «0. | xed Misses 
25,500 +0240 -0241 | .1115 | .1113 | .5§979 | -5979 | -6939 pied -0677 | — .0035 | .6459 | .0062 | .oo1r4 | .oo61 
30,500 +0224 -0223 | .1108 | .1106 | .6018 | .6019 | .6997 ali -0665 | — .0012 | .6508 | .0049 | .0019 | .oo80 
35,500 +0173 on -1062 | .1064 |..6117 | .6116 | .7091 pret -0618 | — .0047 | .6604 | .0096 +0025 | .0105 
40,500 -0065 4 +0954 | .0953 | .6321 | .6319 | .7298 | .7300 | .0509 | — .o109 | .6810 | .0206 +0049 | .0154 
45,500 | —.0067 Bspaors. -0820 | .0818 | .6572 | .6573 | .7546 | .7546 | .0376 | — .0133 | .7059 | .o250 | «0059 | .0213 
50,500 | —.o114 | | —-0113 -0782 | .0782.| .6701 | .6703 | .7689 | .7690 | .0334 | — .0042 | .7196| .0137 | .0048 | .0261 
55,500 | —.0254 | —.0252 | -0650 | .0652 | .7026 | .7028 | .8030 | .8028 | .0249 | — .0085 | .7528| .0332 | .0124 | .0385 
60,500 | —.0347 | —.0347 | .0566 | .0566 | .7317 | .7319 | .8322 | .8324 | .or10 | — .o1go | .7821 .0293 | .0077 | .0462 
65,500 | —.0440 | —.0440 | .0489 | .0489 | .7806 | .7808 | .8820 | .8822 | .0025 | —.00850 | .8314 | .0494 | .0205 | .0667 
70, 500 | —.0385 | —.0387 | .0555 | .0554 | .8086 | .8100 | .gtog | .g10g | .0085 0050 | .8601 | .0287 | .0169 | .0836 
101,100 | Maximum load. (Bolts sheared in succession, beginning on most strained side.) 
| 
Size of bolts 3" Maximum tension per sq. in. on net sec- 
Pitch of bolts a” tion of plate 62,600 Ibs. 
Thickness of plate . 43" Maximum shear per sq. in. on bolts. 38,100 lbs. 
Width of plate 6.00"" Maximum compression per sq. in. on plate, 104,500 lbs. 
Area net section of ‘ete. 1.61 sq. in. Av. thickness of — in front of bolts at 
fracture . - .49 in. 
Bolts were set up with 60 lbs. pull on 10-in. wrench. Reduction of area of net section of plate ° 15% 
Efficiency of joint . 57% 





s 
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TEST ON BOLTED JOINT. No. 3. (Fic. 4.) 


Date, November 14, 1895. 
































Nortu Spe. Sout Sipe. Nortu Sipg.} Soutn Sipe. 
P-¢a og g 
| | 4 ‘ 
| | 2 | 8 
| 5 & 
| } i 5 e = 
| B= o 
=" | | z $13 | € 
é ge | ¢g | gig Fy ; Fl S| 3 
3 cei/¢i/egi/egi¢elelgegileigl § # | s | 3 
3 3 ° ° ° cS) } 3° | ° & I & = | 2 ) 
oa a = a.) a) a ~ mo | 3 = a a A | < 
500 | .5157 | .§158 | .6168 | .6168 | .0332 | .0333 | .1534 | «1532 | .5663 +0933 sree | eee : 
5191 | .5193 | .6176 | .6175 | .0335 | .0335  .1491 «1490 | .5684 +0021 +0913 | —.0020 -O00I | .OOO! 
+5193 | «5194 | .6157 | .6157 | .0365 | .0363 | .1503 | .1503 | .5675 | —.0008 | .0934 | .o021 | -0007 .0008 
+5174 | -5173 | .6140 | .6138 | .0408 | .0408 | .1539 | .1537 | .5657 | —.0019 | .0973 +0039 | .0o10 | .co18 
5139 | .5138 | .6091 | .6092 | .0460 | .0459 | .1582 | .1580 | .5615 | —.0042 «1020 +0047 | .0003 | .0021 
-5134 | «5134 | .6069 | .6069 | .o500 | .o500 | .1615 | .1613 | .5602 | —.0013 +1057 +0037 | .0012 | .0033 
+5118 | .5120 | .6061 | .6062 | .0524 | .0522 | .1641 | .1640 | .5591 | —.0o1r 1082 .0025 | .0007 | .0040 


Load dropped off for 21 hours. 

















-§120 | .5122 | .6104 | .6104 | .0541 | .0542 | .1654 | .1654 | .5613 eoee -1098 eee | sees ose 
| 5110 | «5112 | .6079 | .6079 | .0578 | .0579 | .1693 | .1693 | .5595 .0018 +1136 -0038 | .0010 | .0050 
| .5068 | .5067 | .6030 +6030 | .0670 | .0678 | .1783 | .1782 | .5549 -0046 +1226 +0090 | .0022 | .0072 
| -4859 | .4859 | .5820 | .5818 | .1128 | .1128 | .2225 | .2227 | .5339 -O110 -1677 +0451 | .O171 | .0243 
| .4833 -4834 | .5784 5785 | .1193 | .1192 | .2289 | .2289 | .5309 -0030 -1748 .0071 | .0021 | .0264 
4821 | -4823 | .5780 | .5781 | .1237 | .1238 | .2328 | .2328 | .5301 -0008 1783 +0035 | .0014 | .0278 
-4794 | -4794 | -5741 | «5742 | .1339 | «1332 | .2421 | .2422 | 5268] .0033| .1877] .0094 | .0031 | +0309 
| -4534 | -4534 | -5474 | .5474 | -1959 | .1958 | .3037 | .3037 | .5004 +0470 | «2497 -0620 | .0075 | .0384 
| +4504 | -4504 | -5447 | .5449 | -2060 | .2058 | .3139 | .3137 | .4975| 0029] .2599] .o102 | .0037 | .0421 
| 4413 | -4414 | .5360 | .5360 | .2306 | .2305 | .3381 | .3380 | .4887 | 0088] .2893 | 0294 | .0103 | .0524 
| +4325 | -4324 | .5261 | .5260 | .2573 | .2575 | .3651 | .3649 | .4798| 0089] .3112| 0219 | .0065 | .0589 
| +4203 | .4205 | .5140 | .5139 | .2970 | .2972 | 4041 | .4043 -4672 -0126 +3507 +0395 | -0135 | .0724 
-4060 | .4062 | .4992 | .4994 | .3441 | -3442 | -4507 | -4507 | .4527| 01451 3974] .0467 | .o161 | .0885 
137,000 | Maximum load. (Joint gave way by plate tearing.) 
SOE WO eS Ry ak a Maximum tension per sq. in. on net section 
Pi Oe WA re Rese ee ce aie" OCP. 2 es as ee oe eC 
Thickness@h Pw wk a“ Maximum shear per sq. in. on bolts. . . 38,000 lbs. 
Wir Gr Ms ho ee es 7.69" Maximum compression per sq. in. on plate, 121,000 |bs. 
Area net section of plate . . . . . . 2.188q. in. Av. thickness of plate in front of bolts at 
ROE 6 eee a os ee eee A i 
Bolts were set up with 60 lbs. pull on 11-in. wrench. Reduction of area of net section of plate . 28% 


Efficiency of joint. . . . . 2. . « « 61% 
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TEST ON BOLTED JOINT. No. 4. (Fic. 5.) 


Date, November 18, 1895. 





Nortu Sips. Sout Sipz. Nort Sipe. Soutu Srpg. 





Bottom. 























Average difference. 





Total difference. 


Difference. 
Difference. 





.2867 
-2878 
-2897 
+2943 
+2939 
+2931 
+2932 
2928 


-2392 | .2391 | .2922 | .2922 
40,500 | -2395 | -2395 | +2928 | .2929 4366 | .4935 | . ‘ -4652 
451500 | .2389 | .2391 | .2924 | .2925 | . +4393 | -4968 | .4968 

50,500 | .2398 | .2398 | .2934 | .2932 | . +4420 | .4990 | . d 
55,500 | .2393 | .2392 | .2935 | .2936 +4465 | .5053 | - . +4759 
60,500 | .2378 | .2378 | .2922 | .2922 | . -4548 | .5127 |. ‘ -4838 
65,500 | .2384 | .2384 | .2926 | .2927 | .4607 | .4605 | .5184 |. m F -4895 
70,500 | .2315 | .2316 | .2859 | .2858 | .4944 | .4946 | .5425 | . ° j +5185 
75,500 | .2307 | .2307 | .2861 | .2861 | .§023 | .5023 | .5802 | . . | +5413 
80,500 | .2265 | .2267 | .2816 | .2818 | .5407 | .5409 | .6000 | . ° +5705 
85,500 | .2353 | .2353 | -2901 | .2gor | .5641 | .5642 | .6222/. F -5933 
g0,500 | .2460 | .2461 | .3015 | .3015 | .5930 | .5932 | .6521 | . d -6226 





95,500 | .2689 | .2689 | .3249 | .3249 | 6148 | .6148 | .6737 | . e é -6442 
100,500 | .3004 | .3005 | .3322 | .3322 | .6392 | .6392 | .6994 | .6994 6693 
105,500 | .3472 | .3472 | .4503 | .4504 | .6653 | .6658 | .7268 ’ +6963 






































136,000 | Maximum load. (Joint gave way by plate tearing.) 








ee eee ae z” Maximum tension per sq. in. on net sec- 
Pe ee eS ai." BN: 8p ee, sw ee 62,300 Ibs. 
Thickness of plate ....... 4g" Maximum shear per sq. in. on bolts . . . 37,700 lbs. 
Width of plate. . 1... . og 7.70" Maximum compression per sq. in. on plates, 120,500 lbs. 
Area net section of plate . . . . . 2.18 sq. in. Av. thickness of plate in front of bolts at 
NIRS ater ee eet Sie ee hen os A 
Bolts were set up with 60 lbs. pull on 11-in. wrench. Reduction of area of net section of plate . 30% 
Efficiency of joint... ... =... 60% 





Fic. 5. BoLrep Join 


INT, No. 5. 
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TEST ON BOLTED JOINT. No. 5. (Fic. 6.) 


Date, November 22, 1895. 








| 
Nortu Sipe. } SoutuH Sipe. | NortH Sipg.| Sout Sips. 
| 
| | ¢ 
g ; 
| s | g 
v = 
: | : ‘ 2 ‘ o i) 3 
| lalhidlelaldl Piet bier eie 
a + = o = os s 
| a | & b= = a) & = = $ & S =] e 3 
$ . oe ee $ o | 6 o | 8 a =| > 3 
= Se ee ee = a = < je 





500 | .0316 | .0314 | «1576 | .1576 | 5521 | 5520 | .6770 | .6768 | .o945 sees | £61447 had | emake b wees 
§,500 | .031r | .O3rr | «1576 | .1575 | .5541 | .5540 | .6798 | .6799 | .0943 | —.0002 | .61695 +0025 | .00r2 | .oor2 
10,500 | .0319 | .0319 | .1568 | .1569 | .5569 | .5569 | .6811 | .6811 | .0944 -0001 | .61900 .0021 | .oo1r | .0023 
15,500 | .0321 | .0321 | .1591 | .1590 | .5566 | .5564 | .6839 | .6838 | .0956 .0012 | .62018 +0012 | .0012 | .0035 
20,500 | .0330 | .0331 | .1598 | .1599 | .5585 | .5587 | .6852 | .6852 | .0964 .0008 | .62190 0017 | .0013 | .004! 
25,500 | .0394 | .0394 | .1667 | .1669 | «5545 | 5545 | 6811 | .6810 | «1031 .0067 | .61778 | —.0041 | .0013 | .006r 





Load dropped off for 69 hours. 















































s] 

25,500 | .0392 | .0393 | .1665 | .1665 | .5546 | .5545 | .6808 | .6808 | .1028 cece 6177 coos f coee | cces 

30,500 | .0413 | .0412 | .1691 | .1692 | .5537 | .5537 | -6808 | .6808 | .1052 -0024| .6172 | —.0005 | .coro | .0071 
35,500 | .0423 | .0422 | .1709 | .1709 | .5541 | .5542 | .6812 | .6812 | .1066 +0014 | .6177 | —.0005 | .oo10 | .oo8r 
40,500 0500 | .0499 | .1798 | .1799 | .5508 | .5510 | .6792 | .6791 | «1149 -0083 | .6150 | —.0027 | .0028 | .o10g 
45,500 | .0526 | .0527 | .1828 | .1828 | .5504 | .5505 | .6789 | .6789 | .1177 +0028 | .6147 | —.0003 | .0013 | .o122 
50,500 | .0553 | .0§53 | .1857 | .1857 | .5498 | .5498 | .6788 | .6788 | .1205 .0028 | .6143 | —.0004 | .0012 | .0134 
§5,500 | .0727 | .0729 | .2062 | .2062 | .5409 | .5409 | .6717 | .6719 | .1395 -0190 | .6064 | —.0079 | .0056 | .o1go 
60,500 | .o80g | .o811 | .2131 | .2131 | .5390 | .5390 | .6703 | .6703 | .1470 -0075 | .6047 | —.0017 | .0029 | .o219 
65,500 | .0849 | .0851 | .2188 | .2190 | .5378 | .5378 | .6689 | .6689 | .1519 +0049 | .6034 | —.0013 | .0018 | .0237 
70,500 | .1388 | .1387 | .2740 | .2739 | .5157 | .5158 | .6482 | .6482 | .2063 +0544 | .5820 | —.0014 | .0165 | .o402 
751500 1568 | .1566 | .2932 | .2933 | .5068 | .5068 | .6403 | .6404 | .2250 .0187 | .5736 | —.0084 | .0052 | .0454 

Load dropped off for 18 hours. 

75,500 | .1573 | +1572 | .2944 | .2942 | «5058 | .5059 | .6393 | .6394 | .2258 | oece +5726 cece | coee | oes 

80,500 | .1598 | .1599 | .2968 | .2968 | .5060 | .5059 | .6396 | .6398 | .2283 -0025 | .5728 -0002 | .0013 | .0467 
85,500 | .1992 | «1994 | .3364 | .3366 | .4958 | .4957 | .6298 | .6297 | .2679 -0396 | .5627 | —.o1or | .0147 | .0614 
90,500 | .2831 | .2832 | .4222 | .4224 | .4972 | .4972 | .6330 | .6332 | .3527 -0848 | .5652 0025 | .0436 | .1050 
95,500 | .2949 | .2948 | .4343 | -4343 | -5043 | 5042 .6398 | .6397 | .3646 .O1Ig| .5720 -0068 | .0098 | «1148 
100,500 | .2998 | .2997 | .4392 | -4393 | -5131 | .5131  .6487 | .6488 | .3695 +0049} .5809 -0089 | .0069 | .1217 
105,500 | .3002 | .3001 | .4399 | .4401 | .5141 | +5140 -6500 | .6499 | .3701 -0006 | .5820 -OOTI | .0008 | 61225 
110,500 | .3034 | .3033 | «4426 | .4428 | .5171 | +5172 -6528 | .6529 | .3730 .0029 | .5850 +0030 | .0029 | .1254 
115,500 | .3065 | .3066 | .4664 | .4466 | .5208 | .5207  .6786 | .6787 | .3765 +0035 | .5997 +0147 | .OOQI | .1345 

Load dropped off for 1 hour. 

115,500 | .3342 | -3340 | .4785 | .4787 | .5468 | .5470 | .6831 | .6832 | .4064 rer -6150 wie owas, WCkees 
120,500 | .3359 | .3361 | .4809 | .4809 | .5518 | .5516 | .6891 | .6889 | .4085 | .oo2r -6204 +0054 | .0038 | .1383 
125,500 | .3604 | .3602 | .5052 | .5050 | .§752 | .5752 | .7116 | .7118 | .4327 |] .0242 -6435 +0231 | .0237 | .1620 

















130,500 | .4064 | .4063 | .5473 | .5472 | .6097 | .6095 | .7462 | .7463 | 4763 | .0441 | .6779 +0344 | .0785 | .2405 


179,500 Maximum load. 
| 





S.C ne ae a a Maximum tension per sq. in. on net sec- 
De RS gc Se ee wes 33" GE Gs. @ ehcue ds ere 4 60,400 lbs. 
Thickness Of plite . 2. 2. «2 6 ss ps Maximum shear per sq. in. on bolts. . . 38,100 lbs. 
WEG Gr GONNE: 5 es 5 Ce Ww. 8 9.76" Maximum compression per sq. in. on plate, 136,000 lbs. 
Area net section of plate. . . . . . 2.978q. in. Av. thickness of plate in front of bolts at 

ES.) Sk ee, Fe ee ee $7" 
Bolts were set up with 60 lbs, pull on 12-fn. wrench. Reduction of area of net section of plate . 28% 


ey OF WE ss ee 62% 
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TEST ON BOLTED JOINT. No. 6. (Fic. 7.) 


Date, December 3, 1895. 





Nortu Sipe. | SoutH Sipe. Nortu Sipe. | Soutu Sips, 














Mean. 

Difference. 
Difference. 
Average difference. 
Total difference. 





500 | .5631 |..5632 |. | .0683 | .0683 
5,500 | .5593 | -5594 | .6607 | .6605 | .0698 | .0698 | .1787 | .1786 | .6100 
10,500 | .5594| .5594|. J 0738 | 0736 | .1802 | .1800 | .6082 
15,500 | .5592 | .5593 | - .6567 | .0761 | .0761 | .1832 | .1834 | .6080 

| 
| 


a a 7 

° ° 

fe al f 
ny -1733 | .6100 


20,500 | .5592 | .5592 |. -6582 | .0770 | .0772 | .1850 | 1852 | .6087 
25,500 | .§607 | .5605 | . -6582 | .0787 | .0785 | .1860 | .1862 | .6094 
30,500 | .§617 | .5618 | .6593 | .6594 | .0804 | .o802 1878 | .1877 | .6105 
35,500 | .5612 | .5614 | .6594 | .6592 | .0824 | .0823 | .1898 | .1896 | .6103 
40,500 | .5620 | .5620 | .6590 | .6590 | .0853 | .o851 | .1922 .1929 | 6105 


45,500 | .5619 | .5619 | .6598 | 6598 | .0870 | .0869 | .1938 .1938 | .6109 








Load dropped off for 2 hours. 


45,500 | .5561 | .5562 | .6585 | .6583 | .ogor | .ogor | .1964] . 6073 oaee 1 sees 
50,500 | .5549 | .5550 | .6578 | .6578 | .0941 | .0940 | .1992 | . -6064 .0009 +.0036 | « 
55,500 | .5532 | .5532 | .6545 | .6544 | .102g | .1028 | .2087 |. -6038 +15 -0088 | . 
60,500 | .5514 | .5512 | .6543 | .6545 | .1084 | .1084 | .2147]. -6028 0059 | « 
65,500 | .5471 | .§473 | 6514 | .6513 | .1201 | «1211 | .2268)]. +5993 | .0123 |. 
79,500 | .5445 | .5447 | -6457 | .6458 | .1337 | .1338 | .2383 | . +5952 -O121 
75,500 |. .5411 | .5412 | .6429 | .6431 | .1468 | .1467 | .2512] . | .§921 | +0130 
80,500 | .§213 | .5211 | .6222 | .6222 | .2183 | .2181 | .3218]. +5717 -0710 
85,500 | .§218 | .5220 | .6234 | .6232 | .2205 | .2204 | .3238 | . .5726 a -0022 |. 
99,500 | .5190 | .5188 | .6197 | .6195 | .2406 | .2405 | .3438 | .3438 | .5693 | +0200 
959500 | .5178 | .§178 | .6198 | .6193 | .2593 | .2595 | .3630] . 5688 | —. -0190 
100,500 | .5307 | .5308 | .6340 | .6338 | .2987 | .2986 | .4034 | . | .§823 -0398 | 
105,500 | .5388 | .5386 | .6402 | .6400 | .3150 | .3148 | .4194 | .§894 ‘i ° -0162 
110,500 | .5496 | .5494 | .6518 | .6516 | .3329 | .3331 | .4376 |. | .6006 e -o181 | 
115,500 | .5697 | .5698 | .6717 | .6717 | .3533 | -3531 | .4580 | .4580 | .6207 -0203 | 
120,500 | .5977 | .5975 | -6988 | .6986 | .3588 | .3589 | .4637 | .4636 | .6481 0057 | . 
125,500 | .6271 | .6270 | .7308 | .7309 | .3800 | .3807 | .4863 | .4868 | .6790 ‘ +433 0222 
130,500 | .6998 | .6996 | .8052 | 8050 | .4174 | .4178 | .5239 | 5239 | .7524 .0373 | 









































180,700 Maximum load. 





EMMI. Sos ee ea ee ele “i Maximum tension per sq. in, on net sec- 
RUNES bade: 6. BU vars 3}” HOU OE PAE ios, een <i «0 oe «60,800 Tbs. 
Thickness of plate . . . . seas eid Maximum shear per sq. in. on bolts. . . 38,300 lbs. 
Wee i nce Ie ees 9.76" Maximum compression per sq. in. on plate, 136,900 Ibs, 

Area net section of plate. . . . . . 2.978q. in Av. thickness of plate in front of bolts at 
ES 6) ae ws ee Be eek 58’ 
Bolts were set up with 60 Ibs. pull on 12-in. wrench. Reduction of area of net section of plate . 23% 
MEY OE 10... we ee es 62% 


’ 














BOLTED JoINT, No. 7. 
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Pitch of bolts . 


TEST ON BOLTED JOINT. No. 7. 


Results of Tests Made in the Engineering Laboratories. 


Date, December 5, 1895. 


(Fic. 8.) 








Nortu SIpg. 


Soutn Sipe. 


| NortH Sipe. 








AIAVWVSR 
bw 


Dm NU 


oa 


Rn SUVs 


ss 


3AINI VA 





Maximum load. 





Bottom. 


Bottom. 


Difference. 


Bottom. 





Mean. 
Difference. 


Average difference. 
Total difference. 








.7286 | .8469 
-7323 | .8442 
-7344| -8444 
+7363 | .8452 





-7379 | .8439 


+7364 | .8431 


+7253 | .8430 
-7300 | .8422 
-727 | .8391 
-7276 | .8396 
276| .8395 





.8522 
.8627 
-7612 | .8787 
7774 | .8958 
7997 | 9167 
Pcie | +9474 
8513 | .9744 
.8922 | 1.0162 
| .9340 | 1.0584 


(Joint gave 


4036 | .7878 


-4023 | .7883 -0005 
4013 | .7894 -OO1I 
-4001 | .7907 0013 


Load dropped off 2 hours. 


+2593 | 2592 
-2633 -2633 |. 
2639 | .2640 | . 
.2657 | .2658 |. 
.2669 | .2671 
+2700 | .2700/. 
2702 | .2703 
| .2767 | .2766 |. 
| -2797 | .2797 | - 


Load dropped off 21 hours. 


+2794 | .2794 
+2830 | .2830 
+2942 | .2941 
2962 | .2960 
-2984 .2983 
+3039 | .3040 
.3137 | -3137 
+3237 | -3235 
+3459 | -3460 
+3516 | .3517 


-3610 | .3618 


-3683 | .3685 
+3795 | -3793 | - 
-4007 | .4007 . 
4221 | .4221 | . 

| .4383 | -4385 | . 
-4636 | .4638 | . 
.4698 | .4698 
+4995 | -4995|| - 
+5106 | .5104 
-5266 | .5266 |. 
+5528 | .5527 

| 5796 | .5796 | .7355 
.6070 | .6070 | .7630 


| .4172 | .7841 sane 
-4210 | .7861 0020 
-4323 | .7832 | —.0029 
-4340 | .7836 .0004 
-4363 | .7835 | —.0001 


| +4023 | -7903 tree 
+4030 | .7915 .0012 
-4031 | .7925 -0010 
-4044 | .7924 | —.0001 | . 
.4058 | .7927 -0003 
-4079 | .7920 | —.0007 
-4085 | .7928 -0008 
4148 | .7904 | —.0024 | . 
-4178 | .7898 | —.0006 |. 


+4422 | -7826 | —.0009 | 
+4510 | -7804 | —.0022 
-4621 | .7785 | —.0019 
-4848 | -7737 —.0048 | . 
-4906 | .7738 -0001 | . 


-4998 | .7744| .0006 
-5078 | .7785 +0041 
5192 | .7851 -0066 
-5417 | .7830 | —.0021 





-5632 | .7880 +0050 
-5828 | .7939 +0059 
-6063 | .8048 +0109 
-6123 | .8200 +0052 


6370 | .8366 .0166 
-6534 | 8583 +0217 
-6792 | .8866 +0283 





+7014 | .9128 0262 | 
+7355 | -9542 +0414 
-7632 | .9962 +0420 


way by plate tearing.) 





Thickness of plate 


Width of plate 


Area net section of plate . 


1}' 
4 
5 


“4 


” 
12.00 


3.88 sq. in. 


Bolts were set up with 60 Ibs pull on 13-in wrench 














Maximum tension per sq. in. on 

tion of plate 
Maximum shear per sq. in 
Maximum compression per sq. in. on plate, 
Av. thickness of plate in front of bolts at 

fracture . Mian os Reto enon te 
Reduction of area of net section of plate . 
Efficiency of joint . . 





.0006 | .0006 
.0006 | .0012 
0005 -OO17 


0019 | .0036 
.0007 | .0043 
-0008 | .0051 
.0008 .0059 


.oooc .0068 

-00C 0075 

.0064 | .00 .0095 
00 -O107 

7028 | .0135 

42 | 0177 


corr | .0188 
0O1T | .0199 
-0025 | .022 

-0035 | .0259 
.0042 | .0301 
-0089 | .0390 
0029 | .0419 
.00 49 | .0468 
+0059 | -0527 
.008g | .0636 
-0099 | .0735 
-O1 32 | .0867 
.o11g | .0986 
.0176 | .1162 
.0056 | .1218 
-0196 | .1414 
.0199 | .1613 
.02 46 | «1859 
0251 } +2110 


| 0359 | -2469 


+0347 | .2816 


61,500 lbs. 
39,900 Ibs. 


158,600 Ibs. 
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TEST ON BOLTED JOINT. No. 8. (FIG. 9.) 


Date, December 9, 1895. 





Nortu SI1pe. Soutu Sipe. Nortu Sipe.| Soutn Sipe. 





= 
i 
= 


Average difference. 


Total difference. 


Difference. 


Bottom. 


a i % 
fe) ° 
a E = 





-6567 a +1192 | .1194 | +1474 | -1474 
-6596 ‘ ° +1223 | .1225 | .1464 | .1464 
-6605 | . ‘ J -1276 | .1278 | .1466 | .1466 
-6605 | . ‘ ‘ +1294 | -1294 | 1473 | -1475 
-6603 | . 4 +1320 | .1322 | .1487 | .1489 
-6605 | . +1334 | .1334 | 1512 | .1512 
.6605 | . : ; +1353 | .1355 | 1512 | «4512 
-6575 +1398 | «1397 | .1563 | .1564 






































Load dropped off 70 hours. 
| .6606 |. +1390 | «1391 | «1558 | .1556 | .6572 
-6605 -6534 |. +1401 | .1402 | .1565 | .1564 | .6569 
-6599 6521 | . +1447 | .1446 | .1609 | .1607 | .6559 
-6675 | .6677 | .6598 | . +1409 | .1408 | «1561 | .1559 | .6637 
6680 | .6682 | .6604 | . +1415 | .1417 | .1568 | .1566 | .6643 
.6696 | .6697 | .6622 | . -1441 | .1439 | «1590 | «1590 | 6659 
-6696 | .6698 | .6622 | . -1485 | .1487 | .1639 | .1638 | .6660 
-6702 | .6702 | .6626 | . +1560 | .1558 | .1704 | .1707 -6664 
-6721 | .6723 | .6640 | .6639 | .1806 | .1804 | .1945 | .1945 | .6681 





Load dropped off 21 hours. 


75,500 | .6450 | .6449 | .6359 | .6357 | .2341 | .2343 | .2428 | .2428 | .6404 
80,500 | .6385 | .6387 | .6298 | .6296 | .2535 | .2533 | .2625 | .2626 | .6347 
85,500 | .6311 | . | .6209 | .6208 | .2749 | .2747 | .2845 | .2844 | .6256 
90,500 | .6148 | -6063 | .6064 | .3244 | .3244 | .3336 | .3335 | .6106 
95,500 | .6132 | . | .6050 | .6051 | +3313 | .3314 | .3404 | .3403 | .6091 
100,500 | .6044 |. | -§967 | .5966 | .3590 | .3592 | .3700 | .3700 | .6005 
105,500 | .5910 | «5910 | .5826 | .5825 | .4019 | .4019 | .4112 | .4111 | .5868 
110,500 | .5339 | .5840 | .5757 | -5757.| -4262 | .4262 | .4349 | -4350 | .5798 
115,500 | .5780 | .5782 | .5697 | .5698 | .4482 | .4480 | .4564 | .4563 | «5739 
120,500 | .5709 | .5708 | .5621 | .5620 | .4746 | .4746 | .4833 | .4835 | 5664 
125,500 | .5597 | «5595 | -5500 | .5498 | .5163 | .5162 | .5226 | .5225 +5547 
130,500 | .5544 | -5543 | «5471 | .5470 | -5412 | .5413 | -5500 | .5499 | -5507 
135,500 | .5530 | .5532 | .5457 | .5457 | -5532 | -5532 | .5619 | .5618 | .5494 
140,500 | .5574 | .5572 | 5489 | .5488 | .5791 | .5792 | -5875 | -5874 | .5531 
145,500 | .5561 | +5564 | .5471 | .5470 | .6061 | .6062 | .6137 | .6135 +5516 
150,500 | .5670 | .5672 | .5575 | .5576 | .6319 | .6320 | .6374 | .6374 | .5623 
155,500 | .5857 | .5859 | .§760 | .5760 | .6514 | .6514 | .6561 | .6562 | .5809 
160,500 | .6055 | .6055 | .5951 | .5953 | .6729 | .6730 | -6790 | .6790 | .6003 





























225,500 | Maximum load. ( Joint gave way by plate tearing.) 





nn ae aa 13" Maximum tension per sq. in. on net sec- 
Gg ee eee ee a” NO I 5 2K. ys ca. St, 58, 100 lbs. 
Rummeeen GF Winte.. 5 wk nd Maximum shear per sq. in. on bolts. . . 37,600 lbs. 
IRR she 21'S See oo et 12.00” Maximum compression per sq. in. on plate, 148,600 lbs. 

Area net section of plate. . . . . . 3.88 sq. in. Av. thickness of plate in front of bolts at 
RS eae ae eee a 56" 
Bolts were set up with 60 Ibs. pull on 13-in. wrench. Reduction of area of net section of plate, 26% 
Eiiclency of jot. . . ss 2 2» @ 62% 





Fic. 9. BoLrep JoInT 
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TENSION TEST. No. 21. 


Specimen, Steel Boiler Plate. Date, December 12, 1895. 












































Loans. } DIFFERENCES. 
MICROMETER READINGS. | 
| MEAN. 
Actual. I 2 I 2 Actual. 
i ig | | a“ 
500_—s| 3368 3368 -4003 } +4003 3686 sone 
3,500 | +3390 +3391 +4012 +4012 +3701 +0015 
6,500 -3408 +3408 +4025 +4023 3716 +0015 
500 +3396 +3398 3988 3988 +3692 +0024 
14,000 +3442 +3443 +4049 +4051 +3746 see 
15,000 | +3447 +3448 +4052 +4054 +3750 +0004 
16,000 { +3451 +3452 4058 +4059 +3755 0005 
17,000 +3457 +3458 -4062 +4061 +3760 +0005 
18,000 | -3463 +3464 -4066 -4066 +3764 +0004 
19,000 | +3409 +3470 -4074 +4072 +3771 .0007 
20,000 | «3472 +3473 +4077 -4078 “3775 +0004 
21,000 -3478 +3477 -4086 -4087 +3782 +0007 
22,000 3485 +3487 +4102 +4102 +3794 -0012 
23,000 +3494 +3493 +4123 +4125 +3809 0015 
Length betweenclamps ...... 8” Area of original section; sq.ins. . . . . 649 
Dimensions of cross section. . . - Br e2.5e" Elastic limit; lbs. per sq. in. des 27,700 
| a er ee ee ee 18,000 Ibs. Maximum load ; Ibs. per sq. in. orig. sect. . 69,200 
’ poe ee, ae ae a 44,930 lbs. Area of fractured section; sq.in. . . . . -328 
Dimensions of fractured section . . . .29 x 1.13" Reduction of area of cross section; percent., 49-5 
Ultimate extension. . . .. + - - 1.87” Ultimate extension ; per cent. eer 23.4 
tlastic elongation for 6,000 lbs. load Modulus of elasticity . . . . . « « + 30,800,000 
ES ey cel tes od ee 0024!" 
TENSION TEST. No. 22. 
Specimen, Boiler Plate. Date, December 13, 1895. 
Loaps. } a | DIFFERENCES. 
| MICROMETER READINGS. | 
MEan. 
Actual. I 2 I 2 | Actual. 
500 +3730 3731 4116 4116 +3923 sees 
3,500 3748 +3750 4126 -4126 +3937 +0014 
6,500 +3755 | +3757 -4138 | 4138 +3947 +0010 
14,000 -3784 -3786 -4168 .4169 +3977 cess 
16,000 +3795 +3795 -4176 -4176 +3985 -0008 
18,000 +3803 3804 +4185 4186 +3994 -0009 
20,000 3818 -3817 -4196 | -4196 +4007 .0013 
22,000 -3336 -3837 +4212 | «4212 +4024 -0017 
24,000 .3878 | 3878 | +4252 | -4253 4065 0041 
Length betweenclamps ..... . e Area of original section; sq. ins. ae .680 
Dimensions of cross section. . . . . 1.51/"x .45”" Elastic limit; Ibs. persq.in. . 2... . 26,500 
Biasticlimit ..01 1. «© 0 se + » « © ‘aBjcoo Tbs: Maximum load ; lbs. per sq. in, orig. sect. . 65,500 
Maximum load o » « « « 44,800 Ibs. Area of fractured section; sq.in.. . . . -339 
Dimensions of fractured section . . . 1.13/%x.30'’ Reduction of area of cross section ; per cent., 50.1 
Ultimate extension. . . . .... 1.69" Ultimate extension; percent. . . . . . 20.1 
Elastic elongation for 6,000 Ibs. load Modulus of elasticity 29,400,000 
CO a er ae ee ee .0024"" 
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TENSION TEST. No. 23. 


Specimen, Steel Boiler Plate. Date, December 31, 1895. 








| DIFFERENCES. 
MICROMETER READINGS. | 
MEAN. 


Actual. Actual. 


Loaps. | | 
| | 
| 





500 r ‘ 
6,500 
500 


15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 


25,000 














Length between clamps. . . . Fs 8” Area of original section; sq.ins.. . . . .660 


Elastic limit; Ibs. persq.in. . . . . . 28,800 
Maximum load; Ibs. per sq. in. orig. sect. . 69,700 
Area of fractured section; sq.in. . . . 396 


Dimensions of fractured section . . . 0.33’’ x 1.20” Reduction of area of cross section ; per cent., 
33 
Ultimate extension . . ‘ 1.69”” 


Dimensions of cross section 

ee ic ee 19,000 lbs. 
Maximum load. . . . . ioe 46,000 lbs. 
40.0 
a ibe Ultimate extension; percent... .. . 21.1 
Elastic elongation for 6,000 lbs. load Modulus of elasticity . 


30,300,000 
ED sain: sw Sey Re eee ke en .0024 


TENSION TEST. No. 3o. 


Specimen, Bolt Steel. Date,, March 6, 1896. 





Loaps. DIFFERENCES. 
MICROMETER READINGS. 


Actual. Actual. 





500 ‘ -4338 -0196 .0196 sees 
3,500 ° +4368 +0215 +0213 : +0023 
6,500 ‘ | +4390 +0237 +0237 | ° | +0023 


19,000 - 4453 -0330 | +0331 eee 
20,000 i -4493 | +03 42 | +03 40 ‘ | 0026 
21,000 . +4593 | 0347 +0349 . +0009 
22,000 | ‘ +4504 | -0358 | +0358 . | +0005 
23,000 P +4513 | +03 70 +0370 | 

24,000 ; +4520 .0378 -0380 | . | +0007 
25,000 Fe +4521 .0396 +0396 | 

26,000 = | 4528 .O411 -O41I | 


27,000 Piece would not hold load. 





Length between clamps. . .... . 10/’ Area of original section; sq.ins. . . . +443 
Dimension of cross section. . . . . . .7509'’ dia. Elastic limit; lbs. persq.in. . . . . . 58,700 
Elastic limit 4. ~ @ 4 eiesele <> 2 soe Maximum load; lbs. per sq. in. o7ig. sect. . 94,400 
Maximum load. . . ... . .« « « 41,800 lbs. Area of fractured section; sq.in. . . . . +221 
Dimension of fractured section . . . . .5310' dia. Reduction of area of cross section ; per cent., 50.0 
Ulimate extension «ww wt ls 2.06" Ultimate extension; percent. . ... . 20.6 
Elastic elongation for 6,000 lbs. load equals, .0046"" Modulus of elasticity . . . . + 4 « 29,500,000 
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TENSION TEST. 


Specimen, Bolt Steel. 


No. 31. 


Date, March 7, 1896. 





Loaps. 


Actual. 


MICROMETER READINGS. 


I 


DIFFERENCES. 


Actual. 





500 


3,500 
6,500 


20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 


27,000 


—.0156 
—.0139 
—.o116 


+.0081 
-+.0009 
++.0020 
7.0034 
+.0048 
+-.0063 
++.0079 


—.0157 
—.O14I 
—.0114 


+.0081 
-+.0008 
-+-.0022 
+-.0036 
+.0048 
-++.0060 


Piece would not hold load. 





Length between clamps . 
Dimension of cross section . 
Elastic limit 

Maximum load . ; 
Dimension of fractured section 
Ultimate extension 


Elastic elongation for 6,000 the. load weak, 


10” 


-7495"" dia. 

. 26,000 Ibs. 
43,800 lbs. 

5237’ dia. 

° 2.99" 
.0046!7 


TENSION TEST. 


Specimen, Bolt Steel. 


Area of original section ; sq. ins. 

Elastic limit ; lbs. per sq. in. ‘ 
Maximum load; lbs. per sq. in. orig. sect., . 
Area of fractured section; sq. in. . ‘ 
Reduction of area of cross section ; per cent., 
Ultimate extension ; per cent. 

Modulus of elasticity . . . 


No. 32. 


Date, March 


11, 1896. 


441 
58,900 
99,300 

+215 
51.2 
21.2 
29,600,000 





Loabs. 


Actual. 


MicroOMETER READINGS. 


2 I 


DIFFERENCES. 


Actual. 





500 
3,500 
6,500 


20,000 
.0596 


-0603 
.0612 


—.0164 


—.0143 
—.O117 


—.0019 
—.0016 
—.0012 
—.0003 

+-.0002 


+.0014 


Piece would 


—.0165 
—.0145 
—.o118 


—.0018 
—.0016 
—.OO011 
—.0005 
+-.0002 


+.0014 


not hold the load. 





Length between clamps 
Dimension of cross section . 
Elastic limit 

Maximum load 

Dimension of fractured section 
Ultimate extension . 


Elastic elongation for 6,000 » the, load anil, 


10” 


749" dia. 

. 25,000 lbs. 
. 41,890 lbs. 
-528"" dia. 
2.06" 


0046! 


Area of original section; sq. ins. 

Elastic limit ; Ibs. per sq. in. 

Maximum load; Ibs. per sq. in. orig. sect. 
Area of fractured section ; sq. in. 


Reduction of area of cross section; per cent., 


Ultimate extension ; per cent. 
Modulus of elasticity 


441 
56,700 
95,100 
+219 
50.3 
20.6 


29,600,000 
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Tests ON Bo.ttep Joints. (Boston BRIDGE Works.) 


These joints were furnished by the Boston Bridge Works, and 
were designed to show the efficiency of a rough bolted joint. The 
form of the joints is indicated by the cut. From one to four bolts 
were used on each side of the joint, the bolts being placed in line as 
shown in the sketch. These bolts were all rough forged iron bolts of 
standard dimensions. The holes in the plate were punched, making 
a loose fit for the bolts. All the nuts were set up hard before break- 
ing. Both one and two battens were used on each style of joint. 
When thin plate is used, the shearing strength of the bolts is figured 
on the nominal area, corresponding to the nominal diameter of the 
bolts, and the effective area figured on the diameter at the bottom of 
the threads, this being the area to resist the shear when a thin plate 
and cover strips are used. 
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WrouGut Iron PIPE COLUMNS. 
SUMMARY OF TESTS. 





load 
Mod- 


ulus of elasticity. 


Date or TEsrT. 


to radius of gy- 


, or ratio of length 
ration. 


per sq. in. 


pipe. 
Length of inside of 


Nominal size of 
Inside diameter. 
Outside diameter. 
Maximum load. 
Area of cross sec- 


Gauge length. 
Compression. 


| Diameter of flanges. 
}; Maximum 


ve 
lp 





| 


31, 1896 
Tae 
26 

27 

10 

12 

24 

25 

16 

20 


24,300,000 
22,200,000 
| 25,200,000 
25,900 ,000 
27,700,000 
25,100,000 
25,200,000 
24,600,000 
25,800,000 
24,900,000 


NWNNN Hee 











These were tested in the same manner as the spruce columns already described in Technology Quarterly, 
Vol. 8, pp. 219-247, 1895. 


TEST OF WROUGHT IRON PIPE COLUMN. 
Date, March 31, 1896. 





of 
c 
of 


NortuH SIpe. | Soutu Srpg. 


‘7 


L 


-94670 





difference 
difference 
difference 


micrometer readings. 


ings 
Micrometer read- 
ordinates. 


Ordinates. 


Difference. 
Absciss2. 





| Micrometer read- 


Difference. 
Absciss2. 
Ordinates 
Average 
Average 
absciss2 
Average 





94240 | « 3 4 ‘ - Eg ‘ . | .oo485 | 
| 
10,000 | . -93745 & I « ‘ ‘ d < : ; .00490 


12,500 | . -93300 -00445 


15,000 | . | .g27q40 | . d R k ‘ .32 | .00§15 


17,500 & +92190 | . “5 . : ° . . 4 -00475 
20,000 | - -91575 | -00§25 Cc .000 


22,500 | . -91020 








—.040 


25,000 —.040 


27,500 .000 











Nominal size of pipe .... . Pinte e Compression (5,000-15,000) Zé .0194"" 
Actual inside diameter ....... : Area of cross section 

Actual outside diameter . . . ... . 37" Maximum load : 
Length inside of flanges . . . . . . . F Modulus of elasticity (5,000- 
Diam-ter of flanges . .... . 9” 15,000) 


1.08 sq. in. 
27,800 Ibs. per sq. in- 


24,300,000 


Gauge length 88.8 


Maximum load 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March 30, 1896. 





Nortu Sips. Soutu Sipe. 


micrometer readings 
ordinates. 


abscissz. 


ings. 
Average difference of 


Micrometer read- 
Ordinates. 
Average difference of 


Difference. 
Absciss2 
Difference. 
Abscissz 





| Average difference of 


| Ordinates. 





5,000 


> 
N 


.0045 | . -42 | .783% ‘ .003! -33.| 45 | 00415 


-6995 +0049 3 . 5 . es oe .00480 


.6953 | .0042 | .3 ° . +0049 +33 . +00455 | 


.6909 | .0044 | .3 ‘ - ‘ -0051 33 | - .00475 

.6909 

20,000 6879 | .6879 | .0030 | .30 | . -768 ‘ | .0o61 3 -45 00455 | 
6878 

22,500 | .6857 | .685 -0022 | .2§ < | .763 : .0050 a 45 .00360 
6857 

25,000 -6836 | .6835 ‘ ‘ ‘ | +75 ° .0088 é 4! 00550 








Nominal size of pipe... ..... Maximum load. . . .. . 29,800 Ibs. 
Actual inside diameter . fas ee Compression (5,000-15,000) _. .01885"" 
Actual outside diameter . .-. . . . . Area of cross section . . . 1.22 sq. in. 
Length inside of flanges . . . .... Maximum load. . . . . . 24,500 lbs. per sq. in. 
Diameter ch Temgee.. tt Modulus of elasticity. . . . 22,200,000 
Gauge length 


fe aie Bal a, 89.1 
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TEST OF WROUGHT IRON PIPE COLUMN. 
Date, March 26, 1896. 





Nortu Sipe. SoutH SIpe. 





micrometer read 


ordinates. 


Average difference of 
abscissz. 


| Micrometer read- 
Average difference of 


Difference. 
Abscissx 
Ordinates. 
Difference. 
Ordinates. 


Abscissz. 


| Average difference of 


| Micrometer read- 





§,000 
10,000 . . | . ° } ¢ +4000 . yy . -O1000 —.O10 
15,000 -558 ‘ J d < 3872 0128 | . F ,O1015 | —.o15 | 


20,000 | «5 fs eg ; : ; 3739 0133 / : .01085 | —.o10 | 





25,000 “ i ‘i . ’ = -3619 +0120 F i -01095 | —.005 





30,000 5 ° Pa P r r -3483 0136 35 | - -01330 | —.o10 








Nominal size of pipe ........ 4 Maximum load 

Actual inside diameter . . ...... 50° Compression (5,000-20,000) 
Actual outside diameter. . . . . ... 6 Area of cross section 
Length inside of flanges . . . .... Maximum load 

Diameter of flanges... ...... Modulus of elasticity 
Gauge length Z 





34,500 Ibs. 

0.0310” 

1.65 sq. in. 

20,900 lbs. per sq. in. 
25,200,000 


p whe ae ee Pe a ee 98.1 


‘TEST OF WROUGHT IRON PIPE COLUMN. 
Date, March 27, 1896. 





Nortn Sips. | SoutH Sipe. 








| 
| 
| 


ings. 
micrometer readings. 


abscisse. 
ordinates. 


Micrometer rea d- 
Average difference of 
Average difference of 
Average difference of 


Difference. 

Ordinates. 
Difference. 
Absciss. 
Ordinates. 


| Micrometer read- 
Abscissz. 





5,000 


a 
3 


6429 | 
10,000 -400: ‘ -0059 |. r y -6301 


15,000 ‘ « .009O0 
5 3 2090 -O1000 


20,000 . 38 .o 
’ 3 o1or -O1030 


5,000 . . . 
25,000 373 | -0073 .O1070 
30,000 307 3 -O102 


35,000 








Nominal size of pip : 
p e pipe Maximum load ..... 37,000 Ibs. 


Compression (5,000-20,000) 2 


1297 


Actual inside diameter 
Actual outside diameter . 
Length inside of flanges 
Diameter of flanges 
Gauge length 


Area of cross section . . . 1.68 sq. in. 
Maximum load . . . . . 22,000 Ibs. per sq. in. 
1 corneas of elasticity . 25,900,000 


i a ee a eo ee 8.4 
p ~ 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March to, 1896. 





Nortu Sipe. Soutu Sipe. 


micrometer readings. 


ings. 
absciss2. 
ordinates. 


Abscissz. 


Difference. 
Average difference of | 


Average difference of 
Average difference of 


Micrometer read- | 


Difference. 
Absciss2 





Micrometer read- 


| Ordinates 





1,500 


+ 
° 


-6748 


3,500 .6680 ’ . . +00335 


+ 


5,500 +0245 | 1. 5 .0040 | . é -6636 | .6636 | . P ‘ +00420 | 
-6636 | 

7,500 ‘ | 1. 5 . . -6594 -6595 . . | 00330 | 
} -6596 

7,500 : 3 +0224 i . -6608 -6609 
5 | -6609 

9,500 4 .0196 3 ae ‘ -6569 6568 
5 | -6567 
11,500 i .0169 4 Ie 3 -6530 .6530 
+6529 
13,500 .O17 -O140 ‘ a P -6492 +6492 
| -6492 

15,500 - ) +0109 -003I | . . -6453 6454 
-6454 
17,500 ‘ -0079 . . +3 -6416 | .6416 


19,500 " é +0049 p . ° -637% -6379 








21,500 J ,OO1§ ° . ‘ - : -6342 


24,000 . +9970 ° 5S |\- . -629! -6299 





26,500 +993: +9934 J ‘ }s -6251 | .6252 
29,000 .988« -9889 : ls . .62¢ -6202 
31,500 9855 -9855 .0034 | . ° -6153 6152 


33,000 -98: = F ‘ : 612 6119 





35,500 ‘ arti R é ge 4 -6069 

-6070 

38,000 -975 -975 J ‘ - .6010 -6011 
| | -6011 

49,500 97 ? . ° 3 +5935 -5935 














+5 | 
43,000 ‘ ‘ J i ‘ A +5840 < P je ‘ | —.010 | 








Nominal size of pipe. . . . . .... ge 45,500 lbs. 

Actual inside diameter . . . . . ... 3.06" Compression (4,500-14,500) . .0160"' 

Actual outside diameter . . . . ... 3.4¢" Area of cross section .. . 1.94 Sq. in. 

Length inside of flanges . . . .... 9348” Maximum load. ... + 23,500 lbs. per sq. in. 

Diameter of flanges . . . . ..... 8g”’ Modulus of elasticity ws 27,700,000 

EE oe sec GA ee ae 86" Eee Sores 81.4 
; P 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March 12, 1896. 





of 


Nortu S1pe. Sout Sips. 





difference 


micrometer readings. 
difference 
difference 


scissz. 
ings. 


Micrometer read- 


Micrometer read- 
Difference. 
Difference. 
Absciss. 
Ordinates. 
Average 
Average 
absciss2. 
Average 
ordinates. 


Ab: 
Ordinates. 





-00385 
79500 . . P fig ° . . ° «2 +29 00490 
10,000 . +2996 | . . . -4455 | .4457 . ‘ 2 -00430 
12,500 -2989 & +2 . . ‘ +0025 -3¢ .28 -00160 
15,000 .2882 -2883 d . . |. . ; . e -00665 
17,500 -233¢ .2836 F . | . -43 ° ° . ‘ -00440 
20,000 -2793 7 . . a P 5 r -00420 
22,509 -27 .2750 | . . | ° . F ‘ . , -OO415 
25:000 3 4 ‘ i 423 ‘ d F ; -00450 
27,500 . ‘ ° .2¢ 5 . ° ° -23 90420 
30,000 . < w R ‘ ‘ ‘ : .28 -00480 
.00400 
10420 
37,500 
40,000 
42,500 
45,000 


47,500 


50,000 





Nominal size of pipe. per ria : Maximum load . 51,000 lbs. 
Actual inside diameter . Beagles ‘ Compression (2,500-22,500) . 0341” 
Actual outside diameter . . .... . a Area of cross section ; 2.01 sq. in. 


Length inside of flanges . ...... j Maximum load . 25,300 lbs. per sq. in. 


Diameter of flanges . . . . .... P Modulus of elasticity : 25,100,000 
Gauge length ‘ : 


So. 
P 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March 24, 1896. 


Nort Sipe Soutn Sipr 


difference 


gs. 
micrometer read 
abscissz 
ordinates 


ings. 
Average difference of 


Average difference of 
Average 


Abscissa 
Ordinates. 


Difference 


Micrometer read- 
Micrometer read- 


Difference 


.00715 
.008g5 
00885 
.00805 
.00825 

oo08go0 

oo8go 


-0199 ‘ i -01530 





Nominal size of pipe . 34 Maximum load... . 55,000 lbs 
Actual inside diameter 3.60"" Compression (5,000-35,000), o5o1s 

Actual outside diameter .oo"" Area of cross section . . 2.39 sq. in, 
Length inside of flanges . 5}"' Maximum load... . 23,000 Ibs. per sq in. 
Diameter of flanges . oh” Modulus of elasticity . . 25,100,000 lbs. 


Gauge length. . —— — ‘ i. So xp: Seva 78.2 
0 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March 25, 1896. 





Nortu Sipe. | Soutu Sipe. 





ead- 
micrometer readings. 


ings. 
abscissz. 
ordinates. 


Abscissz. 


Difference. 
Average difference of | 


Average difference of 
Average difference of 


Ordinates. 


| Micrometer read- 
Absciss. 


| Difference. 


| 


oe o | Geen 


+6205 
10,000 -6144 


15,000 


oe 
a 


-6069 


20,000 +5991 ° ° . 00885 


25,000 | .548 +5485 | . . d 5913 | - ‘ ‘ .00870 
30,000 .00860 


35,000 -00855 





40,000 





45,000 


50,000 
55,000 


60,000 








Nominal size of pipe. . . ..... Maximum load . : 
Actual inside diameter . . . . . 59 Compression (5,000-35,000 
Actual outside diameter . . . . . . . : Area of cross section 
Length inside of flanges. . . . ... 053’ Maximum load 27,200 lbs. per sq. in. 


Diameter of flanges . . ...... 3’ Modulus of elasticity 24,600,000 Ibs. 
Gauge length . 90.5" Z 73.5 


65,000 Ibs. 
" 
05130 


2.39 sq. in. 


p 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March 16, 1896. 


| 
| 
| 
| 
| 





of 


Nort Sipe. Soutu Stipe. 


rage difference 


inates. 


micrometer readings. 


Average difference of 
abscissz. 


Micrometer read- 
Average difference of 


Difference. 
Abscissz 
Ordinates. 


Difference. 
Abscissz. 
7 


Orc 








.6387 
15,000 -6316 é +3 F +0065 5 
20,000 ‘ ‘ ‘ < : 625 -6252 .0064 “f - .00620 
| | 
-6179 -0073 37 P -00630 
| 7 | 
30,000 47 3. +20 ‘ 8 | .6108 .0071 of 4 | .00650 
35,000 | .« 4739 ‘ | 0s < i 8 -6038 .0070 ‘ 3 .00650 


40,000 | . 3 -4678 d Is .25 | .§¢ +5971 -0067 “3 4 .00640 
-4678 | | | 





40,000 -4062 -4061 . = ee -6065 e eee | 35 . tenes 
.4660 
45,000 an .4602 ; f .08 ‘ 8 ‘ 5 .0067 +35 < .00630 
.4602 ‘ 
§0,000 | .4536 -4535 J a .o§ a § | «5948 | 9050 A +13 | .00585 
-4534 | | 
55,000 -4480 -4480 -0055 ‘ .07 | .§884 | .588 -0063 +35 ° .00§90 
-4480 
60,000 -4416 ‘ d . ; 58 5° .0068 i ‘ | ,00660 
| .4416 | | of | 
65,000 -4357 -435 - . Ls -5747 “5 | .0069 | .3 e | -00640 
| .4357 | 5 | | 
+4301 | . d . } * +s | - .008 4 ‘ * | .00700 
4301 
+4247 +4248 ° . : “55 . -O122 ° | .00875 
4248 | | | 














Nominal size of pipe . . . .. . . Maximum load... . 80,000 lbs. 
Actual inside diameter. . . . ... ' Compression (5,000-35,000), 0379" 
Actual outside diameter. ee week ci Area of cross section . . 3-11 8q. in. 


Length inside of flanges . . . . - + + Maximum load ... . 3 lbs. per sq. in. 


Diameter of flanges. . . . . .- eae Modulus of elasticity . . 25,800,000 Ibs. 
Z 


Gauge length. . . Rien ees . ie py. Was MS ae ee 77-1 
p 


Held load for a moment, then deflected, breaking cap on east end. 
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TEST OF WROUGHT IRON PIPE COLUMN. 


Date, March 20, 1896. 




















| a | sg | ae 
| Nortu Sipe, Soutu S1pk. } Se sa i 
© ow v e 
os 3) cs) 
' ' | Se & S 
% | = | | 3 | & 5 
7 » | Th <3 | 3 
| & he - ela 5 
o 5 . 5 > c) O, | o% 
| 3. ge ig ge. | | $ | g |g] we | wE | we 
: Ew Ss hth < Ea ee a 5 “5 2 as 
a © to PS » | & & S wo | é s 2 | ¢ om} "OD we 
sc ec & 2 o =| Sc a | 2 g = o-s os oy 
Ps acs o & | 3 es) Fe > | & 3B | es) >& >is > 
4 = = A |< fo) = | ee ee | et < < < 
| | | : | 
5,000 | .6079 | .6079 oo 57| +58) -4374 | -4374 | «++ 52 | +54 . 
.6079 4374 
10,000 6010 | .6010 | .0069 | .57| .60| .4296 | .4295 | .0079 | .52 +57 | .00740 .000 .025 
.6009 | | .4294 | | 
15,000 | .5927 | .5928 | .oo82 | .58| .61| .4221 | .4221 | .0074 | .52 -58 | .00780 005 O10 
5928 | | | 4220 | 
20,000 | .5849 -5849 | .0079 | .58| .62| .4154 | .4154 -0067 | 52 | +59 | -00730 -000 +010 
-58 48 | | | 4154 } 
25,000 5783 -5783 -0066 | -58| .63 | .4090 | .4091 | -0063 53 59 | .00645 .005 005 
| «5782 | +4091 | 
30,000 | .5698 -5699 | .0084 | .58| .63| .4025 | .4025 .0066 | .53 +59 | .00750 000 -000 
5699 | | 4025 
35,000 5618 | .5619 | .0080 -59| .63| .3955 +3957 | .0068 | .53 -59 | .00740 .005 | .000 
5619 3956 
Load allowed to go up until column was thrown out of line. 
35,000 -4460 | .4460 | ..... -97 -63 | .4010 | .4010 OB | UFZ] cvseee +390 280 
-4460 | | -4010 | | 
40,000 -4372 | .4372 | .0088 98 | .64| .3946 | .3946 | .0064 | .94 | 1.16 | .00760 .O10 o10 
-4372 -3946 | } 
45,000 4284 | 4284 0088 | .99| .65| .3879 | .3880 0066 | .g5 | 1.17 .00770 | .o10 o10 
-4284 | .3880 | | 
50,000 | .4199 -4199 0085 | 1.00) .66| .3815 | .3816 | .0064 | .96 | 1.18] .00745 -O10 010 
4198 | | +3816 | | 
60,000 soees | coces | 2.06] 2.05 | coos | cooee | coves 19Q | T.2E | coos. 045 -260 
| | 
Nominal size of pipe - Maximum load ; 69,000 Ibs. 
Actual inside diameter . 4.09 Compression (5 ,000-35,000), 04385" 
Actual outside diameter 4.50" Area of cross section 2.76 sq. in. 
Length inside of flanges 117$6" Maximum load 25,000 Ibs. per sq. in. 
Diameter of flanges . 94” Modulus of elasticity 24,900,000 lbs. 
Gauge length 100.5 = 


Slight bend about two feet from end of pipe. 


77:3 








Results of Tests Made in the Engineering Laboratories. 195 


TRANSVERSE STRENGTH OF SPRUCE BEAMS. 





























= 
; eo bb en aa 2s & “ 
£ | ve =} | Se Sc “2.5 O& 
. i fe 3 = sa eSy | £ 
o oe gS 3 Ss * ¢ lage | = 
ao) Y = s ma “ oD o-sj | 
¢ o> <=; red a . 2 tae] % 
4 au ot z i o¢ a= BS A} Remarks. 
g 3% ~ a , aa s = | Ss— 5 - 
e o¢6 * z 5. ae eS 
- 35 24 ve | = oh =>. | I ve 
ro) Ss: Z a i=] | as so Ss= 2 | om oO | a 
eo eet | =] S 7a  tT52 x“ ag S ek 
Ss =— |}us oO oS =.2 | ao | th 
° Rare =a Ss 4 cm Sta | Souan | fe 
Z = Aa | = a) yt a ae | Ya 
505 6x 12 15 | Center. | 14,800 | 4,670 ‘ 153 Tension. 
5 4x 11} 13. | Center. 9,100 | 3,870 990,000 147 Tension. 
5 4X12 13. | Center. 9,500 | 3,890 | 1,030,000 | 151 Tension. 
sog | 4X12 14 Center. 12,400 | 5,480 | 1,380,000 198 Tension. 
510 | 44x 114 12 | Center. 10,130 | 4,060 | 1,190,000 161 Tension. 
511 | 33 X 114 13 Center. 6,000 | 2,880 | 1,150,000 108 Tension. | 
512 | 33X12 12 Center. 10,170 | 4,100 | 1,020,000 | 172 Tension. 
513 X 12 14 | Center. 9,600 ,270 974,000 | 155 | Tension. | 
I x12 12 Center. 10,400 | 3,930 976,000 | 165 | Tension. | 
X 12 12 | Center. 8,780 | 3.320 883,000 139 Tension. 
X 12 13 Center. 12,260 | 5,030 | 1,110,000 195 Shear. 
X 12 12 Center. 11,650 | 4,400 | 1,090,000 185 Tension. 
X12 14 | Center. 10,640 | 4,690 | 1,110,000 169 Tension. 
x 1148) 19 Center. 45230 | 5,480 | 1,420,000 143 Tension. | Beam buckled badly. 
x 114 14 Center. 11,630 5,920 | 1,390,000 201 Tension. | 
. ion and | 
532 2X12 15 Center. 1230 | 2,940 see 101 Tensior and 
: |. crushing. | 





TRANSVERSE STRENGTH OF NORWAY PINE BEAMS. 











i | eS to |} g~ ho ~ | Bes “ 
|} 5 } $9 | & i Sa i@# ¢ 37S < 
| = ee | a | 2& = & pe he 3 
| —~ | | ~ . a 4 4 a | 
ls |3-| & 7) és) ¢) des | 4 
git. tat 2 Se ist iz Fat | os 
o| eu 2 x) ‘os | Se o E5 | = R k 
3] &8 ot to on | « .2 Es 7 | emarks. 
|} «2 | 8¢ - eo} 3h] $m | 52..3 “ 
S| so | && 5 % sy Sas | 8 s- = 
o} S32 soa I os oe 33a gu 2 E ta 
6 =—— ns a o = Ss 5.275 =F = 
) =D 2a & 2 | ea C-sel oun A. 
Z > _ a i=) ia~ | } — a 
| 
| - | | 
528 2x 11f 26 Center. | 1,990 3,660 | 1,260,000 7o | Tension. | 
eel . _ } . | § Beam buckled badly 
529 | 2x11f 26 Center. 3,690 | 6,340 | 2,020,000 125 | Crushing. each side of center 
. | | { Shear, tension | 
530 | 2x12 I Center. | 8,030 GG | csceds 25 ’ = 
3 193 57 | 55 | (_and crushing. 
531 | 2x12 15 | Center. 8,530 eer 271 | Tension. 
534 | 2x12 15 Center. | 3,860 Se | kiscce. | 124 | Tension. 
| | | 
| 
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CEMENT TESTS. 


The tests of cement in tension were made on briquettes of 
I square inch cross section in a machine of a special design, the 
description of which may be found in the Brickbuilder, Vol. 4, No. 
12, 1895. 

The tests in compression were made on 2” cubes in an Olsen 
machine of 50,000 pounds capacity, fitted with special platforms for 
the purpose, the upper platform having a spherical bearing, which 
enables it to adjust itself to give as nearly as possible a uniformly 
distributed load upon the specimen. The results given are the total 
breaking loads upon the specimens. 

The sand tests were made with ordinary building sand, which was 
sifted through a No. 20 sieve to take out the coarse particles. This 
does not give nearly as high results as can be obtained by using 
ground quartz, which is ordinarily used for this purpose. All speci- 
mens were set under water, the average temperature of the bath 
being about 70° F. 








SAND TESTS. COMPRESSION. 
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FS 3 
= | : a 
| 3 ge | & % 
<i <a 3 $ 
2 sa | * § 
Date of test. | Kind of cement. Brand. 36 | _& $ pa 
| -_ $ 2.8 = j e 
| po Ong © | < 
£3 a | ¢ r 
Ba 53 & | 2 
a a | & 3 
Nov. 18, 1895. | Portland. Commercial American. 3 12 7 2,970 
Nov. 18, 1895. | Portland. Commercial American. 3 | 12 7 3,100 
Dec, 16, 1895. | Portland. Commercial American. 3 12 | 7 2,400 
Dec. 16, 1895. | Portland. Commercial American. 3 | 12 | 7 2,400 
Dec. 16, 1895. | Portland. Commercial American. 3 | 12 | 7 2,450 
Dec. 6, 1895. | Portland. Commercial American. 3 | 12 23 5,000 
Dec. 6, 1895. | Portland. Commercial American. 3 | 12 23 5,200 
Mar. 18, 1896. | Portland. Commercial American. 2 10 2 2,570 
Mar. 18, 1896. | Portland. Commercial American. 2 10 2 2,750 
Mar. 18, 1896. | Portland. Commercial American. 2 10 2 2,750 
Mar. 18, 1896. | Portland. Commercial American. 2 | 10 | 2 3,100 
Mar. 27, 1896. | Portland. Commercia) American. 2 | 10 | 4 3,900 
Mar. 27, 1896. | Portland. Commercial American. 2 10 | 4 4,590 
April 1, 1896. | Portland. Commercial American. 2 | 10 } 5 4,760 
April 2, 1896. | Portland. Commercial American. 2 | 10 6 4,300 
April 2, 1896. | Portland. Commercial American. 2 | 10 6 5,150 
Mar. 11, 1896. | Portland. Commercial American. 2 | 10 7 5,450 
Mar. 7, 1896. | Portland. Commercial American. 2 | 10 7 5,780 
Mar. 7, 1896. | Portland. Commercial American. 2 | 10 7 5,950 
Mar. 16, 1896. | Portland. Commercial American. 2 | 10 1 9,390 
Mar. 16, 1896. | Portland. | Commercial American. 2 | 10 | 11 9,800 
| 
SAND TESTS. TENSION. 
marta | x | h 
| i. 7 P 4 
| 2 | zr) | =~ | - 
| | 3 | << a | = 
| ; 2) a 5 
Date of test. | Kind of cement. Brand. | SE Hh. | © a 
“us | 2.1 2 
| Je | & | a 2 
St eo | L | = 
| 5 4, | 53 | & z 
| - | As | ~ =) 
| } 
Nov. 18, 1895. | Portland. Commercial American. 3 12 7 go 
Dec. 4, 1895. | Portland. Commercial American. | 3 12 7 87 
Dec. 4, 1895. | Portland. Commercial American. 3 12 7 87 
Dec. 4, 1895. | Portland. Commercial American. 3 12 7 go 
Dec. 16, 1895. | Portland. Commercial American. 3 12 7 97 
Dec. 16, 1895. | Portland. Commercial American. 3 12 | 7 99 
Dec. g, 1895. | Portland. Commercial American. 3 12 } 14 | 106 
Dec. g, 1895. | Portland. Commercial American. 3 12 14 | III 
Dec. 6, 1895. | Portland. Commercial American. 3 12 | 23 } 132 
Dec. 6, 1895. | Portland. Commercial American. 3 12 | 23 141 
Mar. 11, 1896. | Portland. Commercial American. 2 10 | 7 194 
Mar. 11, 1896. | Portland. Commercial American. 2 10 | 7 | 170 
April 1, 1896. | Portland. Commercial American. 2 10 | 7 160 
April 1, 1896. Portland. Commercial American. 2 10 7 | 162 
April 1, 1896. | Portland. Commercial American. 2 10 7 | 170 
April 1, 1896. | Portland. Commercial American. 2 10 7 176 
Mar. 16, 1896. | Portland. Commercial American. 2 | 8 11 180 
Mar. 16, 1896. | Portland. Commercial American. 2 | 8 II 184 
Mar. 16, 1896. | Portland. Commercial American. 2 | 8 It 200 


| 
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Kind of cement. 


Brand. 


Per cent. of water 
used in mixing. 


Time of set days. 


Breaking strength. 





Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 





Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
Commercial American. 
. S. & Co. 

B. S. & Co. 

Alsen. 

Alsen. 

Alsen. 


| Alsen. 


Alsen. 
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RYAN 
DAdoununwnun 
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oe i i i i he ee 
LOO OOYYBVYVWYVYVYVYNYVWVVVVYVYYVNYVYVVNNVSSLPAHAVDY 


NNN HAN 


vr 


NN 


IM 


DPROUUNNNNNNNS 








VNHNNNHNNNNNAKNN 
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5,750 
6,680 
8,700 
8,770 
8,800 
9,380 
8,450 
8,510 
10,000 
10,200 
10,530 
10,020 
10,150 
10,230 
10,320 
10,000 
10,450 
11,280 




















Date of test. 


Mar. 18, 1896. 
Mar. 18, 1896. 
Mar. 18, 1896. 
Mar. 27, 1396. 
Nov. 11, 1895. 
Nov. 11, 1895. 
1895. 
1395. 
, 1895. 
1895. 
1895. 
1896. 
, 1896. 
1895. 
2, 1895. 
1895. 
1895. 
1895. 
» 1595. 
, 1895 
1595. 


1595. 


1895. 
1895. 
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NEAT CEMENT. TENSION. 
7 l 2 
| | @e | Fi s 
| ss | = 2 
| | om ft og g 
“ | | Ce - — 
Kind of cement. | Brand. = a _ 
| 28 | ‘3 2 
a 2 | 
| es = .) 
| | Y ar a 
| | _ ial = 
Portland. | Commercial American. 25 4 270 
Portland. | Commercial American. 25 2 270 
Portland. Commercial American. 25 2 288 
Portland. Commercial American. 25 4 344 
Portland. Commercial American. 26 4 340 
Portland. Commercial American. 26 } 4 345 
Portland. Commercial American. 26 | 4 369 
Portland. Commercial American. 2 6 370 
Portland. Commercial American. 27 6 371 
Portland. Commercial American. 27 6 372 
Portland. Commercial American. 27 6 390 
Portland. Commercial American. 25 6 389 
Portland. Commercial American. 25 | 6 389 
Portland. Commercial American. 2 | 7 415 
Portland. Commercial American. 25 | 7 440 
Portland. Commercial American. 27 7 412 
Portland. Commercial American. 27 | 7 414 
Portland. Commercial American. 27 7 470 
Portland. Commercial American. 27 } 7 400 
Portland. Commercial American. 27 | 7 405 
Portland. Commercial American. 27 | 7 410 
Portland. Commercial American. 2 | 7 412 
Portland. Commercial American. 27 Wee 420 
Portland. Commercial American. 25 | 7 400 
Portland. Commercial American. 2 7 434 
Portland. Commercial American. 25 | 7 438 
Portland. Commercial American. 25 | 7 449 
Portland. Commercial American. 25 | 7 451 
Portland. Commercial American. 25 | 7 458 
Portland. Commercial American. 25 | 7 442 
Portland. Commercial American. 25 7 444 
Portland. Commercial American. 27 | 9 456 
Portland. Commercial American. 25 9 478 
Portland. Commercial American. 25 | 9 498 
Portland. Commercial American. 25 11 504 
Portland. Commercial American. 27 14 513 
Portland. Commercial American. 27 23 520 
Portland. Commercial American. 27 23 540 
Portland. B.S. & Co. 25 3 382 
Portland. B. S. & Co. 25 3 410 
Portland. B. S. & Co. 25 3 4it 
Portland. B.S. & Co. 25 7 470 
Portland. B. S. & Co. 25 7 505 
Portland. B. S. & Co. 25 31 560 
Portland. B. S. & Co. 25 31 564 
Portland. B. S. & Co. 25 31 620 
Portland. B. S. & Co. 25 31 57 
Portland. B. S. & Co. 25 32 616 
Portland. B. S. & Co. 25 32 626 
Portland. B. S. & Co. 25 33 669 
Portland. B. S. & Co. 25 33 686 
Portland. B. S. & Co. 25 63 664 
Portland. B. S. & Co. 25 63 680 
Portland. B. S. & Co. 25 64 706 
Portland. B. S. & Co. 25 65 732 
Portland. B. S. & Co. 28 66 680 
» Portland. Alsen 25 2 418 
Portland. Alsen 25 2 420 
Portland. Alsen 25 2 430 
Portland. Alsen 25 2 460 
Portland. Alsen 30 6 59° 
Portland. Alsen 30 6 591 
Portland. Alsen. 30 6 600 
Portland. Alsen 29 271 840 
| Portland. Alsen 29 271 860 
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COMPRESSION OF TIMBER ACROSS THE GRAIN. 


These tests were made on the 300,000-pound Emery testing 
machine. 

The specimens were placed .between the compression platforms 
of the machine and the load applied slowly. The platforms were 
adjusted so as to bear fairly on the two opposite faces of the speci- 
men. It was found that the location of the heart with reference to 
the stick had considerable influence on the strength, and for this 
reason the sketches showing time rings were made. 

Different sizes of specimens from the same wood were tried. In 
the larger sizes no maximum load was reached in many cases, the piece 
simply crushing together. This was to be expected with specimens 
of large section and of short length between. the platforms. 


BRIEF SUMMARY OF TESTS ON COMPRESSION OF TIMBER ACROSS 
THE GRAIN. 











a ee —) to -2eer 
“Ss | 2 | $= . | 3S] aie . | #8 | € | 3+ 
=] o } Se 3 | sit Z 3 | v “~¢ 
3 SC aiid PI 8 g eis 8 = a a 
z eS [3 | % ne B60] B | S| SE 
£2 | a |} £4 | | a Eo | oS 
a 6 - eo”. 1 =e | - " ~~ sc » | wo 
3 5.5 2 oO ys ° | 32 2 Og ° os 3S | wa 
7 e- | =| §4 ~ | £2 |) = |) ge pu e= | 2] £4 
3 & o e Bes | & pe) 4 Bn oo 
B.| a0 = | > a | ao | 3 > on a° 2] ew 
M4 < ia {|< Y | < 2i< rv < Ale 
1 | t aa Ss ee 
Spruce. 23x10 | 60 396 | Spruce. | exe.) -¢ sir | Yellow Pine. | 4x6 17 566 
Spruce. 2x12 | 21 | 252 | Spruce. | 4x8 1o | 494 | Oak. 4X12 | 60 | 898 
Spruce. 3X12 | 23 | 350 | Spruce. — ‘2 : Oe ae | 424 | Oak. 4x12 | 51 | 980 
Spruce. 4X12] 59 397 | Yellow Pine. | 4x12 | 60 535 | Oak. 6x12 | 17 | , 835 
Spruce. 6x12] 26 | 319 | Yellow Pine. | 6x 12 16 402 | Oak. | 8xa2]{ ar | 913 
Spruce. 8x12] 31 350 | Yellow Pine. | 8 x 12 18 471 | Maple. 4x12 2t | 1808 
Spruce. rox12| 5 | 664 | Yellow Pine.| 8x8 | 5 | 696 | Hemlock. | 4222 | 20 | 330 





The column marked “‘ approximate size of timber”’ gives in the first figure the width of the stick bearing 
on the platform of the machine. 

The second figure gives the distance between the compression platforms, or it corresponds to what would 
be the depth of the stick. 

The length or the distance with the grain was in most cases 13 inches, this being about the limit of width 
of the platforms of the machine. 
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TENSION TESTS 





Results of Tests. Made in the Engineering Laboratories. 


TENSION TESTS. 





Specimen. 


Dimensions 
of cross section. 


(Inches.) 


Area of cross section. 


(Ins. ) 


Gauged length. 


of modulus 


f loads for cal- 


Limits o 
culation 


I 


(Lbs. ) 


of elasticity. 





Elastic elongation 


loads 


of 


difference 


used in calculation of 
modulus of elasticity. 


(Ins.) 


Modulus of elasticity. 
(Lbs. per sq. in.) 





Refined iron. 
Refined iron. 
Refined iron. 
| Refined iron. 
Refined iron. 


| Refined iron. 
Refined iron. 

| Refined iron. 
Wrought iron. 
Refined iron. 


Refined iron. 


7 
| Bessemer steel. 


3essemer steel. 


Wrought iron, Burden’s Best. 
Wrought iron, Burden’s Best. 


Wrought iron, Burden’s Best. 
Wrought iron, Burden’s Best. 
Wrought iron, Burden’s Best. 
Wroughtiron, Burden’s Best. 


Steel. 
Steel. 
| Steel. 
| Steel. 
Steel. 


Steel. 
| Composition. 
| Brass rod. 
| Brass rod. 
Brass. 


| Composition. 

| Steel tape. 
Steel tape. 
Aluminum alloy. 
Bronze alloy. 





diameter. 
diameter. 
diameter. 
diameter. 
diameter. 


-76 
77 
75 
“75 


+70 


4.00 X 1.01 
-76 diameter. 
-76 diameter. 

-00 X 1.00 
-75 diameter. 


.76 diameter. 
-76 diameter. 
diameter. 
diameter. 
diameter. 


diameter. 
diameter. 
diameter. 
diameter. 


“77 


+70 


77 





X 3(.0875 + .0890) 
X H.0960 + .1005)| 
X 4.0902 ++ .og12)| 
2.01 X .101§ | 
X 4(.0909 + .0908) 


2.00 X .Ogir 

-755 diameter. 
-756 diameter. 
-754 diameter. 
-754 diameter. 


1.014 diameter. 
+2215 X .0082 
22735 X .O113 
1.40 X .53 
1.54 X .§2 








500 to 
500 to 
500 to 
500 to 


500 to 
500 to 


500 to 
500 to 
500 to 


500 to 
500 to 
500 to 
500 to 


500 to 


| 1,500 to 


500 to 
1,500 to 
1,500 to 


500 to 
500 to 


5,500 to 


500 to 
500 to 


500 t 


500 to 


1,000 to 


6,500 
6,500 
6,500 
6,500 


6,500 


6,500 
6,500 
6,500 


6,500 
6,500 
6,500 


6,500 | 


12,500 | 


16,500 
10,500 
17,500 


13,500 | 


16,500 
3,500 
93500 
6,500 
1,500 


3,500 


5,000 


0046 
-0052 


+0051 
-OO51 
+0049 
+0046 


+0232 
+0255 
+0190 
+0294 


022 


.0280 
+0050 
-0062 
.0088 


+0020 


0027 





tee teceeee 
26,800,000 


27 


2 ) 
27,200,000 


26,100,000 
| , 


20,000,000 


31,600,000 
28,700,000 


29,300,000 
27,800,000 
29,700,000 
28,200,000 


29,370,000 
29,940,000 
28,870,000 
26,700,000 
29,020,000 


29,610,000 
13,400,000 
14,300,000 
15,300,000 
11,200,000 


/ 


13,700,000 


8,610,000 
10,700,000 











(Lbs.) 


Elastic limit. 
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TENSION TESTS. — Continued. 
| = 
a => 3 } lé 2 | s¢ 
ct 4 |3 ay ee Se 
2 onl S | head 5 Ye 
3 = ; oe 2 Ris 
} . 5 = 2a | 
= 3 7 £¢ | Sh | ss 
> oF | FER] Sl Se 
s a Sy | oo| $5 | Re REMARKS. 
< 7" P =“ = Co) 
= & “A | eo pas = 
3 so ww" | oS!) 33 i $s 
E hy Oo: | Se] So] sg 
3 om om & «5 | 3” Es & F 
ano * KY c= «(| [4 = 6 = 
Ba & So £S | eo] =u es 
w a a < | % Y Yi} 
24,200 | 23,760 | 52,500] .353 | 22.3 | 2.25 | 22.5 
34,400 36,000 | 77,300 +342 26.5 | das: hi dees 
34,000 23,450 | 53,100! .332 24.9 | 
31,700 235350 | 52,900] .322 27.2 +e 
28,700 23,400 | 51,600 +353 22.3 | see 
soeees 164,300 | 40,700 | 3.46 14.4 2.25 | 16.0 
28,700 24,100 | 53,100 +342 24.6 2.19 19.9 
33,100 23,680 | 52,200 +332 26.9 2.12 19.3 
reebet 156,400 | 39,100 | 3.47 13.3 | 2.20 8.8 
31,700 | 22,150 | §0,100| .342 | 22.6 . Specimen fractured outside measured section. 
26,500 | 22,400 | 49,400] .332 | 26.9 | 1.47 | 13.4 
26,500 | 22,150 | 48,800] .132 | 70.9 | 3.62 | 32.9 
28,700 22,250 | 49,000} .145 68.0 | 3.50 | 31.8 
26,500 22,450 | 49,500] .204 55-0 | 3.50 | 31.8 
27,200 21,400 | 48,400] .237 40.2 3-00 | 27.3 
27,200 21,050 | 47,600} .221 50.1 3.00 | 27.3 
23,600 22,000 | 47,200 +204 56.1 3-31 30.1 
24,200 21,200 | 46,700} .264 41.8 | 3.06 | 27.8 
23,600 21,280 | 45,600 .212 54-5 3-44 1.3 
931500 | 27,480 |155,700| .1435 | 18.7 87 | 8.7 
91,600 | 27,720 | 141,100 agae | 20.5 | 3.22 |, 28.2 
85,000 | 22,490 | 123,400] .1482 | 18.7 -78 7-8 | Covered with dark oxide and curved considerably. 
100,500 | 30,550 |149,700] .1950 | 4.4 .06 6.0 | Covered with dark oxide and curved considerably. 
101,800 | 24,500 | 134,800] .1490 | 18. .78 7-8 | Covered with dark oxide and curved considerably. 
| | 
88,000 25,380 | 139,300] .1166 | 36.0 -62 6.2 
13,200 | 29,400] .351 | 21.8 | 1.28 | 12.8 | Composition : 85% copper, 7% spelter, 8% zinc. 
31,650 | 70,500] .235 | 47.6 -.. | Fractured outside measured section. 
31,333 | 70,200| .22 49-1 ‘ ee Specimen fractured in the grips. 
re 10,260 | 23,000] .358 | 19.9 -.++ | Specimen fractured outside measured section. 
; | 
| | | 
ecm 23,330 | 28,900] 601 | 25.6 | Pa ere | Specimen fractured outside measured section. 
450 | 245,000 . eoee | 
782 |253,000| «.+- . | 
4,720 | 6,100] .759 1.9 |None | | 
£8,190 | 25,900] occc |) se fascias | Specimen fractured outside measured section. 
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TENSION TEST. 
Specimen, Steel. Date, January 4, 1896. 





| 


























Loaps. MICROMETER READINGS. | | DIFFERENCES. 
| MEAN. | ae aaa REMARKS. 
Actual. | 1 2 I 2 Actual. Per 
| | 500 Ibs. 
eae i ! 
500 | .5035 | -5034 | .4393 | -4392 | .4714 | re ? 
5,000 | .5165 -5165 4428 -4428 | .4797 .0083 -o00g | Broke outside measured section. 
5,000 | .5304 | .5304 -4506 PD SS TT ee meee re 
10,000 +5407 | .5407 -4659 -4659 | .5033 0098 0010 
12,500 -5458 -5458 +4709 | .4709 | +5054 | .0051 | .0010 
13.000 -5469 +5469 +4721 «| «~.4719 +5095 | .oorr -OO1T 
13,500 | -5479 5479 +4729 | -4727 +5104 | .0009 | .0009 
14,000 | .5489 5489 +4736 +4737 -5113 | .0009 | .0009 
14,500 | +5497 +5497 -4738 | +4748 +5123 | .0o10 | .0o10 
15,000 +5508 +5509 4758 | -4757 +5133 .0010 | .0010 
15,500 | +5520 +5519 -4768 -4767 +5144 -OOIT -OO1L 
16, 000 +5530 +5530 -4779 | -4779 5154 | .0010 .0010 
16,500 | «5539 | .5539 | .4787 | .4787 | .5163 0009 | .0009 
17,000 -5552 +5551 +4800 | .4799 +5176 | .0013 | .0013 
37,500 +5505 +5565 4812 | .4813 +5189 | 0013 +0013 
18, 000 5581 5582 -4830 | .4830 +5206 | .0017 | +0017 
18,500 -5606 seve 4853 a 06 +5230 | .0024 | .0024 
| | 
Length between clamps .. . 10 Area of original section; sq.ins.. . . . 1765 
Dimensions of cross section . . 2X $(.0875 +-.089)”” Elastic limit; lbs. per sq. in. 93,500 
| i 16,500 Ibs. Maximum load; lbs. per sq. in. orig. sect., 155,700 
Maximum load. . . 4 5 27,480 Ibs. Area of fractured section; sq.in.. . . . 1435 
Dimensions of fein section . 1.84" X .078"" Reduction of area of cross section ; per cent., 18.7 
Ultimate extension . 6875" Ultimate extension; per cent. 8.75 
Elastic elongation for 12,000 hin Modulus of elasticity + 29,370,000 
ee eee ae er .0232”” 


TENSION TEST. 
Specimen, Steel. Date, January 4, 1896. 

















Loaps. MICROMETER READINGS. | DIFFERENCES. 
| es. SS — 
Actual. I 2 I Actual, | Per 
| | | $00 Ibs. 
: Res 
1,500 4361 -4361 | +5105 | «5105 4733 ae eee 
1,600 -4620 | -4619 +5340 +5341 -4980 +0247 .0009 
16, 500 .4627 | .4628 «5350 -5348 | 4988 .0008 } .0008 
17,000 | .4636 | -4638 -5358 -5358 -4998 -0010 .0010 
17,500 -4646 | -4046 +5372 5371 +5009 -OO1I -OO11 
18,000 -4656 | -4054 +5381 5383 +5019 -0010 .0010 
18,500 +4672 | +5413 | seeee +5043 | -0024 +0024 
| | | 
Length between clamps .. . 10 Area of original section; sq. ins. . .1965 
Dimensions of cross section . . 2X $(.096-+.1005)’ E:astic limit; lbs. per sq. in. 91,600 
istic limit . 2 + 5 + 6 1,800 Ibs. | Maximum load; Ibs. per sq. in. orig. sect. 141,100 
Maximum load ... . ‘ 27,720 lbs. = Area of fractured section; sq. in. . +1522 
Dimensions of fractured section . 1.79’ X .085”” Reduction of area of cross section ; per cent., 22.5 
Ultimate extension . . 1.125" Ultimate extension; per cent... . . . 11.25 
Elastic elongation for 15,000 Ibs. Modulus of elasticity ° © © © « © 29,940,000 


londioquala . 6. 1 0 ss .0255"" 
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Specimen, Steel. 


SION 
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TEST. 


Date, January 15, 1896. 


























| | 
Loans. MICROMETER READINGS. | | DIFFERENCES. 
| Megan. |——— eee REMARKS. 
Actual. | I 2 I 2 | Actual, | _ Per 
| | 500 lbs. 
s ” 
| ee PP) Oe | ae | ee Eee Rs Covered with dark oxide and 
6,500 -4993 4993 5062 5162 .5078 0117 | .0o10 curved considerably. 
10,500 | .5044 5044 | .5257 5260 | «5151 0073 | 0009 
14,500 +5103 5104 +5350 +5350 +5227 +0076 +0009 
15,500 -5109 5108 +5334 5382 +5246 s0019 | .0010 
16,000 «5117 5117 +5407 +5407 5262 -0016 .0016 
16,500 .5120 5119 5431 5433 5276 .0014 | .0014 Broke outside measured section. 
17,000 +5124 5126 -5453 +5452 -5288 -0012 | .0012 
17,500 eS an rere 05515 | ee eee +5343 +0055 | .0055 
Length between clamps 10’ Area of original section; sq. ins. . ar 1823 
Dimensions of cross section . 2.01 X $(.0902 +.0912)'’ Elastic limit; lbs, per sq. in. . . . 85,000 
Elastic limit ‘ 15,500 lbs. Maximum load; Ibs. per sq. in. orig. sect. . 123,400 
Maximum load . ... . 22,490 lbs. Area of fractured section; sq. in. . 1482 
Dimensions of fractured sect., 1.83’ X .081”" Reduction of area of cross section ; per cent., 18.7 
Ultimate extension . ‘ 78" Ultimate extension; per cent.. . . . . 7.8 
Elastic elongation for 10,000 Modulus of elasticity . . . . . . « ++ 28,870,000 
Ibs. load equals ... . 0.0190” 
TENSION TEST. 


Specimen, Steel. 


Date, January 15, 1896. 























Loans. | MICROMETER READINGS. DIFFERENCES. 
Mzan. |— ss REMARKS. 
| 
Actual. | 1 2 I 2 | Actual. | Per 
| | Ibs. 
1,500 -7266 +7266 -6941 -6941 +7104 eae eee 
a - Covered with dark oxide and 
15,500 -7398 7398 7315 7316 +7357 +0253 +0009 curved considerably. 
17,500 +7436 ©7437 -7360 +7360 +7398 +0041 -0O10 
19,000 -7468 7468 -7388 -7388 +7428 +0030 | .0010 
19,500 7475 -7476 +7440 -7399 -7438 | .oo10 -0010 
20,000 -7480 -7480 | .7415 -7416 -7448 .0010 | :0010 
20, 500 7491 -7489 7427 7428 -7459 | -oo1r | oor Broke outside measured section. 
21,000 +7502 +7502 7443 +7442 :7472 | .0013 | .0053 
21,500 +7513 +7512 7454 7456 +7484 | .0012 | 0012 
22,000 +7521 +7521 7468 7468 -7495 | .OOIr .OO1 
22,500 -7533 7534 7480 7480 +7507 +0012 0012 
23,500 +7559 +7561 +7508 7599 +7534 0027 | +0014 
24,000 | .7574 | -7573 +7523 7522 7548 | .001g4 | .0o14 
24,500 -7589 | 7587 +7540 +7540 +7504 .0016 | .0016 
25,000 +7602 | sees +7558 | eens +7580 | .0016 -0016 
25,500 | .7618 | eecee 7583 seeee -7601 0021 | .0021 
Length between clamps 10 Area of original section; sq.ins.. . . .20402 
Dimensions of cross section. . - son” X .2085° Elastic limit; Ibs. per sq. in. . . . . . 100,500 
Elastic limit oh Ss 20,500 lbs. | Maximum load; Ibs. per sq. in. orig. sect. . 149,700 
Maximum load ar or ‘ 30,550 lbs. Area of fractured section; sq.in.. . . . 19502 
Dimensions of fractured section . 1.96’ X .0995”" Reduction of area of cross section ; per cent., 4-4 
Ultimate extension 06" Ultimate extension; per cent. oe 6 


Elastic elongation for 16,000 Ibs. load 
equals . 


.0294”" 


Modulus of elasticity ..... + + 263700,900: 
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Specimen, Steel. 


TENSION TEST. 


Date, January 15, 1896. 





Loaps. MicRoMETER READINGS, 














| DIFFERENCES. | 
a REMARKS. 
Actual. I 2 I 2 Actual. Per om | 2 
| 500 lbs. 
| | | | 
1,500 +4561 | +4559 5223 | 5224 | .4892 deal | eoaes © a 
| ; | overed with dark-colored ox- 
5 +4836 . ° ] . , oa . : 
sss i ne 4834 5394 5394 | StS maes | so r ide and curved considerably, 
14,500 | .4853 | .4852 +5413 5414 | «5133 0018 | .0009 | 
15,000 | .4862 | .4862 +5422 +5422 | 5142 +0009 | .0009 
15,500 | .4872 -4870 +5432 | .5430 +5151 +0009 .0009 | 
16,000 4882 4881 +5442 | .5440 | «5161 .0010 .0010 
16,500 | .4891 | .4891 5452 | .5454 | 5172 oorr | .oorr | 
17,500 | .4916 | .4916 5469 5409 5192 0020 | .oo10 
18,000 -4926 | .4927 +5478 | 5478 +5203 -OOIK | .Oorr | 
18,500 | +4942 +4940 5483 | 5484 +5212 +0009 +0009 | 
19,000 | .4960 4988 +5496 5497 5228 .0016 0016 | 
19,500 | .4988 | ...0 +5533 | ecece | 5261 +0033 +0033 | 
Length between clamps ‘ 10” Area of original section; sq.ins.. . . . 1817 
Dimensions of cross section . . 2X $(.0909-+.0908)’ Elastic limit; lbs. per sq. in. . . . + 101,800 
Elastic limit Brine 18,500 lbs. Maximum load; lbs. per sq. in. orig. sect. 134,800 
Maximum load . 24,500 lbs. Area of fractured section; sq. in. . 1490 
Dimensions of fractured sneten, 1.84” X .081”’ Reduction of area of cross section ; per cent., 18.0 
Ultimate extension ‘ -78'' Ultimate extension ; per cent. Pe ee 7.8 
Elastic elongation for 12,000 Ibs. Modulus of elasticity . . . . «. « « + 29,620,000 
load equals . priate w, Ue 0223" 


Specimen, Steel. 


TENSION TEST. 


Date, January 15, 1896. 














| 
Loans. MICROMETER READINGS. DIFFERENCES, | 
MEAN. 7 REMARKS. 
Actual. I 2 I 2 Actual. | Per | 
500 lbs. 

500 -4469 | .4471 +4924 -4926 4698 | oes. ee ; . 
15,500 | .4815 4813 «S141 «5141 -4978 .0280 .0009 | Broke outside measured section. 
16,000 | .4525 -4823 +5149 «5150 +4987 +0009 .0009 | 
16,500 | .4836 -4837 | «5166 +5167 -5002 0015 | 0015 | 

Length between clamps . ‘ 10 _— Area of original section; sq.ins.. . . . .1822 
Dimensions of cross section  X aegaa’” Elastic limit; Ibs. per sq. in. . ... . . 88,000 
Elastic limit 16,000 Ibs. Maximum load; Ibs. per sq. in. orig. sect. . 139,300 
Maximum load “ 35,380 lbs Area of fractured section; sq. in. . ° 1166 
Dimensions of encima « section 1.85'' X .063 Reduction of area of cross section; percent., 36.0 
Ultimate extension ve 625" Ultimate extension; per cent. ; 6.25 


Elastic elongation for 15,000 Ibs. load 


equals 1. 2s 0 « 


Modulus of elasticity . . . . . » + «» 29,610,000 
























Specimen, Brass Rod. 


Date, March 18, 1896. 
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TENSION TEST. 
Specimen, Composition. Date, March 17, 1896. 
| | 
Loaps. MICROMETER READINGS. DIFFERENCES. | 
j MEAN. REMARKS. 
Actual. I 2 I 2 Actual. 
500 -1158 | E57) || Ss DE +1209 eee PD. eee | 
3,500 -1223. | «1223 «| ~=.1246 stag | Stage Cf -0050 | 85% copper. 
49500 +1250 | «1252 +1261 -1262 1250 | +0022 | 710 spelter. 
5,500 +1302 | +1301 | +1296 +1295 -1298 0042 | 8% zinc. 
6,500 1467 | -1465 +1447 +1445 +1456 -0158 
| | 
, | | 
Length between clamps. ..... . 10” Area of original section; sq. ins. . . ; 443 
Dimension of cross section. . . . . . 7555" dia. Maximum load; Ibs. per sq. in. orig. sect. 29,400 
Maximum load . a “s « 13,200 lbs. Area of fractured section ; sq. in. . +351 
Dimension of fractured section . . . . .6681’ dia. Reduction of area of cross section ; per cent., 21.8 
Ultimate extension . 1.28" Ultimate extension; per cent. ‘ 12.8 
Elastic elongation for 3,000 Ibs. load equals, .005/" Modulus of elasticity s ee 8 6 w RSS 
TENSION TEST. 
































Loans. MICROMETER READINGS. DIFFERENCES, 
Mean. |- —— REMARKS. 
Actual. I 2 I 2 Actual. Per 
1,000 lbs. 
500 1170 +1172 .2781 +2779 yA eee ) Gaeea | 
1,500 1181 1181 2922 2924 | .2052 | .0076 | .0076 | Fractured in holder. 
2,500 | .1189 -1189 +2940 +2940 -2065 | .0013 .0013 
3,500 | .%202 +1203 +2954 +2953 +2078 | .0013 0013 
4,500 «1215 +1216 -2972 22972 +2094 | .0016 -0016 
5,500 .1230 +1231 +2990 +2990 +2110 | .0016 .0016 
6,500 «1236 -1238 -3000 +3000 -2119 .0009 -0016 
7,000 1250 1251 «3007 +3009 *3129 | .0010 | «eee. 
7,500 .1256 1256 3019 +3019 2138 | .0009 0019 
8,000 | 1263 1263 +3029 3028 +2146 | 0008 | eee 
8,500 | .1271% +1271 +3036 +3036 +2154 | -0008 .0016 
9,000 1281 +1280 +3043 +3045 -2163 }  -0009 | sseee 
9,500 1288 1288 +3055 +3054 +2172 | .0009 .0018 
10,000 +1294 -1294 3058 +3059 3096. | .0G0G | cccce 
10,500 .1299 +1300 -3069 +3069 2185 | 0009 -0013 
11,000 +1307 | eeeee +3078 sete +2192 | 0007 | eves. 
11,500 +1315 ceees -3088 | eeeee +2202 | .0010 -O017 
. a 12,000 +1327) | seeee +3096 eeeee +2212 | .0010 eee 
12,500 1332 eeees oBIOL | eens -2217 | .0005 0015 
13,000 1339 cecee -31II eceee 62228 | OOOB Fl lk cece 
13,500 01348 | tee +3117 seeee 2233 | .0008 -0016 
14,000 01356 | ceeee o3125 | cece +2241 | .0008 eeee 
14,500 +1361 vec. -3137 teeee +2246 | .0005 +0013 
15,000 ao re .3140 saat .2255 | .0009 .0018 
16,000 +1384 cece +3156 | ceeee +2270 0015 +0015 
17,000 -1408 eevee 03184 | cece +2296 | .0026 -0026 
18,000 +1422 oauee 3203 canes +2313 | .0017 .0017 
4 19,000 +1442 eves -3218 | cece +2330 | -O017 -OO017 
20,000 o3QOB | cece -3238 oceee +2350 | .0020 -0020 
21,000 -1488 oeeee +3257 eee +2372 +0022 +0023 
22,000 oBGOQ | cece a ee +2395 .0023 .0020 
24,000 1551 | osess | SOME FT cccss 2435 +0040 +0035 
26,000 a an rere ©3396 | cece +2505 +0070 +0027 
28,000 -1683 | consis | 3434 weaved +2559 | .0054 .0072 
30,000 cae re 03583) | toon +2703 | «60144 | eee 
Length between clamps... ... ~ 10 _— Area of original section; sq. ins. . . 449 
Dimension of cross section. . . . . . .756"’ dia. Maximum load; lbs. per sq. in. orig. sect. 70,500 
Maximum load . + + « » 31,650lbs. Area of fractured section; sq.in.. . . +235 
Dimension of fractured section : -5475"' dia. Reduction of area of cross section; per cent., 47.6 
Elastic elongation from 5,500 to 99500 | ibs. Modulus of elasticity . eee os 14,300,000 
load equals . aa ‘ .0062'" 
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TENSION 


Specimen, Brass Rod. 





of Tests Made in the Engineering Laboratories. 


TEST. 


Date, March 23, 1896. 
































| | 
Loaps. MICROMETER READINGS. DIFFERENCES. 
MEan. REMARKS. 
Actual. I 2 I 2 Actual. | 
| | 
500 | .1069 | .1067 .3612 3612 ce cr : 
3,500 | .xr12 | eee +3655 3656 2383 0043 Specimen fractured in 
6,500 | «1160 +1159 -3696 -3698 +2428 0045 holder. 
500 | «1082 +1088 «3600 +3599 +2340 | — aeeee 
10,000 | .1222 | .1223 -3740 -3746 Oi | avene At 30,000 in. Ibs. load the 
12,000 -1250 | .1251 3781 +3781 2516 | .0032 scale beam dropped. 
14,000 -1286 | = .1284 -3816 +3814 +2550 =|, -0034 
16,000 «5322 | «592% +3850 -3849 +2585 | +0035 
18, 000 -1356 | .1358 3895 -3893 2625 | 0040 
20,000 +1401 | +1402 +3933 +3932 2667 | +0042 
22,000 -1447 | +1445 +3981 +3982 +2714 -0047 
24,000 +1492 | +1493 +4025 +4025 +2759 +0045 
26,000 emSS3 | <55S% +4152 -4152 2814} 0055 
28,000 -1628 | .1627 +4152 +4152 .2890 -0076 
Length between clamps . era 10’ Area of original section; sq. ins. . ‘ -446 
Dimension of cross section . . 0.754” dia. Maximum load; lbs. per sq. in. orig. sect., 70,200 
Maximum load . om os 5 os 5 Area of fractured section; sq. in. . ‘ .227 
Dimension of fractured section .538’’ dia. | Reduction of area of cross section ; per cent., 49-1 
Elastic elongation for 6,000 lbs. load equals, .0088"" Modulus of elasticity ...... + 15,300,000 
TENSION TEST. 


Specimen, Brass. 


Date, March 24, 1896. 











Loaps. | MIcRoMgTER READINGS. | DIFFERENCES. 
| | 
Mean. | REMARKS. 
Actual. | I 2 I 2 | Actual | 
| 
| | | 
500 3512 +3518 +1021 +1023 x a ee | 65 % copper. 
1,000 +3536 | 3536 +1020 -1018 2278 .OOII | 35 % spelter. 
1,500 +3543 3541 | «1030 +1032 2287 0009 : 
2,000 3552 | .3552 «1041 +1043 +2297 -0010 | Fractured outside meas- 
2,500 +3572 «| «357% +1056 +1054 2316 .0019 ured section. 
3,000 -3608 | — .3609 1095 “1094 | -2352 | 0036 | 
3,500 +3695 | .3700 -11gt -1188 | +2445 | .0093 | 
| 
Length betweenclamps ....... 10” Area of original section; sq.ins.. . . 446 
Dimension of cross section én. « ee Maximum load; lbs. per sq. in. orig. sect. . 23,000 
Maximum load... ... . « « . 10,260lbs. Area of fractured section; sq.in.. . . 358 
Dimension of fractured section . . . . .675” dia. Reduction of area of cross section ; percent., 19.9 
Elastic elongation for 1,000 Ibs. load equals, .0020"" Modulus of elasticity . .... 


+ « 11,200,000 











TENSION 


Specimen, Composition. 


Results of Tests Made in the Engineering Laboratories. 


TEST. 


Date, March 27, 1896. 











Loans. MICROMETER READINGS. | DIFFERENCES. | 
| Megan. | REMARKS. 
| | 
Actual. I 2 I 2 } Actual. 
| 
500 1510 .1512 3785 | .3786 2648 | peers 85% copper. 
1,500 -1520 -1520 3795 | -3793 2657 | -0009 | 7% spelter. 
2,500 152 |} .8525 | .3800 3802 2662 -0005 8% tin. 
3,500 +1540 +1540 | -3812 | ~=—.3810 +2675 +0013 
4,500 1549 | -1549 3819 3819 -2684 .0009 | Fractured outside meas- 
5,500 1568 | .1570 | .3836 | .3838 -2703 0019 | ured section. 
6,500 | «1580 | .1580 -3848 +3846 | .2713 0010 | 
7,500 1590 | -1588 3871 | .3870 | ~—.2730 -0017 
8,500 1614 -1612 -3884 3883 | .2748 -0018 
9,500 1638 | .1636 -3890 | 3891 +2764 | .0016 
Length between clamps ‘ 10” Area of original section; sq. ins. . .808 
Dimension of cross section . 1.0144"" dia. Maximum load; Ibs. per sq. in. orig. sect., 28,g00 
Maximum load . a 23,330 lbs. Area of fractured section; sq. in. . 601 
Dimension of fractured section 8750" dia. Reduction of area of cross section ; per cent., 25.6 


' 


Elastic elongation for 3,000 lbs. load equals, 0027 


Modulus of elasticity 


TENSION TEST. 


Specimen, Aluminum Alloy. Date, April 2, 1896. 


. 13,700,000 














Loans. | MICROMETER READINGS. } 
— | Mean. 
Actual. | Per sq. in. | I 2 I 2 } 
500 | -1743 +1741 | +1540 | +1538 +1640 | osnes 
1,000 | +1732 +1732 +1554 | +1555 +1643 | +0003 
1,500 +1737 | +1735 +1561 +1560 +1648 | +0005 
2,500 | +1731 +1730 +1591 +1590 . 1660 +0012 
3,500 | +1742 | -1742 .1607 -1607 -1674 -OO14 
4,500 | +1753 j -1753 +1629 1628 | -1691 | -0017 
| | | | | 
Length between clamps s” Elastic elongation for 3,000 lbs: load equals, .0036"" 
Dimensions of cross section . gg 31g" Area of original section; sq. ins. ‘ 774 
Maximum load tess 4,720 Ibs. Maximum load; lbs. per sq. in. orig. sect., 6, 100 
Dimensions of fractured section 52” x 1.46" Area of fractured section; sq. in. . 759 
Ultimate extension . No apparent extension in 8’’ Reduction of area of cross section ; per cent., 1.9 
Modulus of elasticity . . 8,610,000 
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TENSION TEST. 
Specimen, Bronze Alloy. Date, May 1, 1896. 
Loans. MICROMETER READINGS. | DIFFERENCES. | 
| Magan. | REMARKS. 
Actual. I 2 I 2 | Actual. 
500 «1117 «1117 -1056 | -1056 3086 | toe ee At 10,000 in. lbs. load the 
1,000 -ITIQ | +1118 -1058 -1058 -1088 | 0002 scale beam dropped 
2,000 +1130 | = «1130 +1059 | «1060 +1095 | 0007 > . 
3,000 +1139 | =««1138 «|S «1064 S| Ss 1064 -Iror | 0006 —— outside meas- 
4,000 1146 1147. | «1071 1072 -1109 | 0008 ured section. 
5) 000 -II52 | .1153 +1080 -1080 +1116 | 0007 Specimen was distorted 
6,000 1160 | «1158 -1092 -1092 1125 | 0009 so badly at break that 
7,000 1168 | «1169 «6| «1108 -1108 -1138 | .0013 dimensions of fractured 
8,000 -1182 | 11820 | «1135 +1136 “1159 | ouat section could not be 
9,000 1210 “1210 | 61195 1195 1202 0043 taken. 
| | 
Length between clamps . . . . 6” Area of original section; sq. ins. ; 881 
Dimensions of cross section . . ga naga’ Maximum load; lbs. per sq. in. orig. sect., 13,900 
Maximum load a 11,150 lbs. Reduction of area of cross section; per 
Elastic elongation for 1,000 to 5,000 Ibs. RS 50 ose es ak None apparent. 
ee ee ee .0028”" Modulus of elasticity. . . . + + + + 10,700,000 
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TENSION TESTS OF WIRE, 
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TENSION TESTS OF WIRE. 
FI | = 43 Seep | 
| :. 2 | Se ee a 
| 9° S Sasa | sess oA 
| $3 “3% | 2-32 | ie 
| 2 | : ec “so S.. 
Date. | Speci Diameter. 2a || OZ ged | HS oo | a 
ate. pecimen. (Inches. ) 55 | S as. | 2g € em | ad 
5 | & wah |Se-84| 5&8 
se | =e | S88 | 8222) 25 
| per | a Oo; |}; mT SeS SS 
| < és) ee) | = 
1895. 
Oct. 21 | Annealed iron wire. +135 0143 100.00 pwaest } J) “deste | oenpesenas 
Oct. 23 | Annealed iron wire. 136 -0145 | 100,00 ee an a ee eee eee ee 
Oct. 23 | Annealed iron wire. 135 | 0143 | 100.00 95 to 190 .0289 23,000,000 
Oct. 25 | Annealed iron wire. 136 | .0145 | 100.00 76 to 152 0205 25,500,000 
Oct. 26 | Annealed iron wire. 135 | .0143 | 100.00 95 to 190 -0283 23,500,000 
Oct. 28 | Annealed iron wire. +136 | 0145 $0000 | sesciac | eceee cern ans 
Oct. 30 | Annealed iron wire. 135 -0143. | 100.00 | secoes ce 
Nov. 4 | Common iron wire. -110 .0095 | 100.00 95 to 190 | 0330 
Nov. 4 | Common iron wire. -109 009) | 100.00 95 to 190 | 0370 27,500,000 
Nov. 5 | Common iron wire. -110 -0095 | 100.00 380 to 532 | .0699 22,900,000 
Nov. 6 | Common iron wire. 113 .0100 100,00 171 to 247 | 0301 25,200,000 
Nov. 7 | Common iron wire. -080 -00503 100.00 95 to 190 | 0700 27,000,000 
Nov. 7 | Common iron wire. .080 00503 100.00 152 to 247 | .O712 26,500,000 
Nov. 8 | Common iron wire. 079 .00490 | 100,00 133 to 247 | .0875 26,600,000 
Nov. 12 | Common iron wire. 079 00490 | 100.00 152 to 304 1189 26, 100,000 
Nov. 13 | Common iron wire. 079 00490 100.00 190 to 247 | 0440 26,400,000 
Nov. 14 | Common iron wire. .080 .00503 | 100.00 171 to 209 0279 27, 100,000 
Nov. 14 | Annealed iron wire. 081 .00515 | 100.00 76 to 152 | .0554 26,600,000 
Nov. 18 | Annealed iron wire. 082 -00§28 | 100.00 |  ...... ee en ee 
Nov. 25 | Annealed iron wire. .082 -00528 100.00 152 to 190 | 0266 27,100,000 
Nov. 27 | Annealed iron wire. .082 .00528 | 100.00 152 to 190 | 0289 24,900,000 
Dec. 5 | Annealed iron wire. .082 .00§28 | 100,00 eeseee Seen 
Dec. 6) Annealed iron wire. .082 .00§28 | 100,00 152 to 190 | 0276 
Dec. 6! Annealed iron wire. .082 -00528 | 100.00 152 to 190 | .0265 
Dec. 7 | Common iron wire. .167 -0219 | 100.00 | cee. 
Dec. 9 | Annealed iron wire. 081 .00515 | 100,00 } 
Dec. 10 | Annealed iron wire. .082 .00528 | 100,00 | 
Dec. 12 | Common iron wire. .163 0209 100.00 ee 
Dec. 13 Common iron wire. 163 0209 100.00 | | Reeder eed 
1896. | | | 
Jan. 16 | Piano wire, No. 13. 0310 000755 100.00 19 to 38 | .0853 | 29,500,000 
Jan. 18 | Giese wire, No. 16. .0356 000995 100.00 19 to 57 | +1293 |: 29,500,000 
Jan. 18 | Piano wire, No. 22. .0480 .001810 | 100.00 38 to 76 | -0717 | 29,300,000 
Jan. 18 | Giese wire, No. 24. 0547 002350 100.00 38 to 114 -1098 | 29,400,000 
Jan. 20 | Hard drawn copper wire. +1045 00858 | eee iia Wl 
Jan. 20 | Hard drawn copper wire. «1045 00858 
Jan. 20 | Hard drawn copper wire. +1045 00858 
Jan. 20 | Hard drawn copper wire. +1045 .00858 | 
Jan. 20 | Hard drawn copper wire. -1040 200849 | ewes 
Jan. 20 | Hard drawn copper wire. 1040 00849 J tees Per er re 
Jan. 20 | Hard drawn copper wire. 1042 -00853 eee 
Jan. 20 | Hard drawn copper wire. «1042 00853 | nese b  setase 
Jan. 20 | Hard drawn copper wire. +1042 (Ee Eaves) Th saseseen” D> oeves 
Jan. 20 | Hard drawn copper wire. 1042 MEET LP chun i) eeaemese- Fl - -coSee 
Jan. 20 | Hard drawn copper wire. 1042 We i egaw 4 “aasevase Ff  . wcves 
Jan. 20 | Hard drawn copper wire. . 1040 00849 wii’ (TR pdcwece ° haene., “Nl ws, cocman 
Mar. 6 | Hard drawn copper wire. 1047 .00861 | 100.00 | 152 to 209 0446 | 14,800,000 
Mar. 10 | Hard drawn copper wire. +1050 .00866 | 100.00 | 152 to 228 0688 | 12,800,000 
Mar. 11 | Hard drawn copper wire. .1072 .00902 | 100.00 | 171 to 247 | 0655 | 13,200,000 
Mar. 13 | Giese wire. +0329 -000852 100.00 | 95 to 152 | 2320 =| 28,800,000 
| 
Mar. 16 | Giese wire. 0330 -000855 | 100.00 95 to 171 +2723 | 24,500,000 
Mar. 17 | Hard drawn copper wire. -1048 -00863 | 100.00 | 190 to 266 .0831 | 10,800,000 
Mar. 19 | Hard drawn copper wire. +1044 .00856 | 100.00 | 1g0 to 285 | 15,500,000 
Mar. 20 | Soft brass wire. 072 00407 SOROD | csccucve ee eee 
Mar. 27 | Bessemer spring wire. -OQI1 .00650 100.00 | 190 to 342 2 | 24,500,000 
Mar. 27 | Bessemer spring wire. +0910 .00652 100.00 | 114 to 304 1127 25,900,000 
Mar. 31 | Bessemer spring wire. 0905 | -00645 | 100.00 | 380 to 475 0642 | 23,000,000 
April 1 | Bessemer spring wire. -OOI 00652 100.00 190 to 380 +1206 =| 24,200,000 
April 2 | Bessemer spring wire. +0905 .00645 | 100.00 114 to 342 | 1377 | 25,400,000 
| 
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TENSION TESTS OF WIRE. — Continued. 









































a ~ : ‘ 5 
re g | 8 8 a : 
é y 4 — 2 - | 
= g =) = = ; 
=) 5 oN 3 | 
= | 3 3 | 52 | § 
’ ; g 8 ae 
= 3 <= | =? go | & REMARKS. | Date 
E I s | ¢«& an | 
s ; E =| LY 
e ee = eg a) a5 } 
2) 25 | £ | §? ah | 23 
&# ef | S| a2 | 23 138 | 
25) “ a a < ~ 
| | 
| | 1895 
627 | 43,800 | 1,007 | 70,400 | .00528 | 63.1 | Oct. 21 
a bac sca ‘ 893 | 61,500 | .00363 75.0 Oct. 23 
570 | 39,800 874 | 61,100 | .0072 49-4 Oct. 23 
570 | 39,200 865 | 59,500 | .00419 71.2 Oct. 25 
513 | 35,800 646 | 45,100 | .00332 76.8 Oct. 26 
494 | 34,000 868 | 59,800 | .00396 72.7 Oct. 28 
jam aden 893 62,400 | .00608 57-5 Oct. 30 
608 | 64,000 864 | 90,900 | .00454 | 52.3 Nov. 4 
wall weapen 959 | 103,000 | .00332 64.4 Nov. 4 
570 | 60,000 988 | 104,000 | .00466 | 51.0 Nov. 5 
684 | 68,200 9402 | 93,700 | .00396 | 60.5 Nov. ¢ 
230 | 45,800 570 | 113,000 | .00292 41.9 | Nov. 7 
285 | 56,700 570 | 113,000 | .00246 51.0 Nov. 7 
266 | 54,300 551 | 112,000 | 00229 53-3 Nov. 8 
361 | 73,600 589 | 120,000 | .00353 28.1 Nov. 12 
266 | 54,300 532 | 109,000 | .00292 40.4 Nov. 13 
| panate 494 98,300 | .00283 43.8 Nov. 14 
wre ee 1 §13 | 99,600 | .00196 61.9 Nov. 14 
266 | 50,400 494 | 93,500 | .oo189 | 64.3 Nov. 18 
266 | 50,400 | 456] 86,300 | .00166 68.5 Nov. 25 
285 | 54,000 | 475 89,900 | .00255 | 51.7 , Nov. 27 
304 | 57,600 | 513 | 97,100 | .00238 55.0 Fractured at lower grip. Dec. 5 
209 | 39,600 | 494] 93,500 | .oo18r 65.7 Fractured at lower grip. Dec. ¢é 
266 | 50,400 | 375 | 71,000 | .00173 | 67.1 | Fractured at lower grip. Dec. 6 
988 | 45,100 | 1,254 5§7,200| .00754 | 65.6 Fractured at lower grip. Dec. 7 
285 | 55,300 | 494 | 95,900 | .00204 | 60.4 | . Dec. 9 
228 | 43,200 | 494] 93,500| .00132 | 75.0 | Fractured at lower grip. Dec. 10 
836 | 40,100 | 1,406 | 67,400 | .0o899 56.9 Dec. 12 
988 | 47,300 | 1,283 | 61,500 | .oo985 | 52.8 | Fractured at lower grip. Dec. 13 
| | 1896 
‘ 260 | 345,000 | Jan. 16 
+ | 294 | 296,000 Jan. 18 
| 475 | 262,500 .. Jan 18 
pcieeee | 670 285,030 Jan. 18 
. 494 | 57,600] .. jan. 20 
| 494 | 57,600 | Jan. 20 
| 504 | 58,800 Jan. 20 
513 | 59,800 Jan. 2 
. 508 | 59,800 | ee Jan. 20 
504 | 59,300 | . Jan. 20 
ror.) - 8 whe penile 508 | 59,600 | . Jan. 2 
scenes | 513 | 60,200 | ....06 | sees Jan. 20 
nee | 527 | 61,800 | ee.ee | oes Jan. 20 
seeses 508 | 59,600 | owe Jan. 20 
sreeee | 513 | 60,200] .....- Jan. 20 
‘neh Seek oe | 499} 58,700] ...... eves Jan. 20 
456 | 53,000 | 532 61,800 | .00427 | 50.5 | Straight grip at upper end, round grip at lower end.| Mar. 6 
304 | 35,100 | 494 | 5710 |.ooya | apo |{ SHRM Erp at oper end, round grip at Tower] apr, 
304 | 33,700 532 | 58,900 | .co604 | 33.1 Straight grip at each end. Fractured at lower grip. Mar. 11 
» oon | sosees 285 334,000 | eeee-- | coos re aie’ Mar. 13 
i 2 A Specimen contained soldered splice 3 inches long. 
bares | ical cin aia| RR |F It did not fracture at splice. | Mar. 16 
418 | 48,500 | 437! 50,700 | .00455 | 47-3 | Mar. 17 
eaaacan | §13 | 59,900 | .00353 58.8 | Mar. 19 
++ | eeeeee | 223 | §4,800 | 000940 76.9 | | Mar. 20 
494 | 76,000 | 950 | 146,000 | .00425 | 34.6 | | Mar. 27 
456 | 69,900 | 974 | 149,000 | .00316 | 51.6 | Fractured at lower grip. | Mar. 27 
513 | 79,600 | 969 | 150,000 | .00374 | 42.0 | Mar. 31 
475 | 72,900 | 950 | 146,000 | .00407 | 37-5 | Fractured at lower grip. | April 1 
tre | eeeeee | 931 | 143,000 | .00394 39-6 | Fractured at lower grip. April 2 
| | 
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TENSION TEST. 


Specimen, No. 13 Piano Wire. 


Date, January 16, 1896. 









































| DIFFERENCES, | DIFFERENCEs, 
LOADS. | MicromETER READINGS. Loabs. MICROMETER READINGS. | —— 
| Per | | | Per 
Actual. ‘me | 9.5 Ibs. | Actual. toon 9.5 Ibs. 
19.0 8823 cscs eset 123.5 +3965 0465 | .0465 
38.0 7970 .0853 +0427 133.0 | +3495 +0470 | .0470 
57.0 7113 .0857 +0428 142.5 | +3000 0495 0495 
76.0 -6247 -0866 +0433 152.0 | -2484 +0516 | .0516 
85.5 5808 +0439 +0439 161.5 +1972 -0512 +0512 
95.0 5357 +0451 0451 171.0 | +1452 0520 | .0520 
104.5 -4895 0462 0462 180.5 | +0922 +0530 | +0530 
114.0 | +4430 10465 0465 190.0 | +0350 +0572 | +0572 
Length betweenclamps. ... . . 100 Area of original section; sq.ins.. . . . 000755 
Dimension of cross section . « «+ 6 sgn aa Maximum load ; Ibs. per sq. in. orig. sect., 344,900 
Maximum load. . i+, oe 5. «6 SS. Modulus of elasticity ... . ° 29,510,000 
Elastic elongation for 19 to 38 lbs. load 
equals ; eles. cae .0853/" 
TENSION TEST. 
Specimen, No. 16 Giese Wire. Date, January 18, 1896. 
| DIFFERENCES. DIFFERENCES. 
LOADS. | MicromeTer Reapines. |——— ” Loans. | MICROMETER READINGS. |—————- 
} er | Per 
Actual. | Actual. 9.5 Ibs. Actual. | Actual. | 9-5 ihe: 
l T 
19.0 | .8138 sees | sees | 152.0 +3496 | .0349 0349 
57.0 | -6845 +1293 | 0323 | 161.5 +3141 | .0355 0355 
66.5 | -6520 +0325 | .0325 171.0 +2776 | .0365 -0365 
76.0 -6194 +0326 | .0326 180.5 +2407 | .0369 +0369 
85.5 | -5870 0324 | .0324 190.0 +2025 .0382 -0382 
95:0 | +5530 +0334 | .0334 199-5 +1637 .0388 .0388 
104.5 | «5199 +0337 | +0337 209.0 +1230 +0407 +0407 
114.0 | -4867 .0332 | .0332 218.5 .0809 +0421 -0421 
123.5 +4529 -0338 | .0338 228.0 .0370 +0439 -0439 
133.0 4185 +0344 +0344 232.75 -O1I5 | .0255 .0510 
142.5 +3845 +0340 | .0340 | 
| | 
Length between clamps . . ; 100’ _— Area of original section; sq. ins. . + « 00099538 
Dimension of cross section. . > .0356”" dia. Maximum load; Ibs. per sq. in. orig. sect., 295 ,860 
Maximum load . ie er a 294.5 lbs. Modulus of elasticity. . . . . « « « 29,525,000 
Elastic elongation for 19 to 57 lbs. load 
ee ee ee ae eee +1293"" 
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TENSION TEST. 


Specimen, No. 22 Piano Wire. Date, January 16, 1896. 














DIFFERENCES. | DIFFERENCES. 
LOADS: | Micrometer READINGS. pane ay LOADS. | Micrometer READINGS. aa 
| | Per | | Per 
Actual. | Actual. | 9.5 lbs. Actual. | | Actual. | o.5 Ibe 
38.0 8961 Pre save 266.0 | +4334 Reset microm. 
76.0 8244 | .O717 -0179 
114.0 +7518 | .0726 -o181 275.5 4128 } .0206 -0206 
161.5 6588 0930 .0186 285.0 3912 |} .0216 02 16 
180.5 -6204 | .0384 +0192 294-5 +3686 .0226 -0226 
‘ 190.0 -6010 | .0194 +0194 304.0 +3447 -0239 -0239 
199.5 +5813 | .O197 +0197 313-5 +3215 0236 -02 36 
209.0 +5614 | .O199 -0199 323.0 +2975 .0236 -02 36 
218.5 +5410 | .0204 +0204 332.5 +2730 +0245 +02 45 
228.0 «5206 | .0204 +0204 342.0 | +2484 | 20246 -02 46 
237-5 «5000 | .0206 .0206 | 361.0 -1966 .0518 -0259 
247.0 +4792 | .0208 -0208 380.0 1388 | .0§78 .0289 
256.5 +4581 | 0211 +0211 | } 
Length between clamps. . .... . 100"" Area of original section; sq. ins... . . .001810 
Dimension of crosssection . . . . . .o0480! dia. Maximum load; Ibs. per sq. in. orig. sect., 262,500 


Maximum load . i el as =e 
Elastic elongation for 38 to 76 lbs. load 
WOE a eh ee a a a .o717"" 


475 lbs. Modulus of elasticity. . . . . . « « 29,290,000 


TENSION TEST. 


Specimen, No. 24 Giese Wire. Date, January 18, 1896. 




















DIFFERENCES. 
| z 9 
Ph a | g 4 
Loans. og 2 i 
MICROMETER READINGS. oc £ 2 e a 
\ 2s 5 7) | Sa 
Actual. - 4 38 + 
| << @ = 3 | "a S 
| es = & Pm | a & 
| so file} 3 | oo sg 
~ 9 ~ a na | ne £ 
ve og & | ms 5 
< & & 25] Ay 
| | | Poa 
' | 
« 38.0 | 8533 | | 
114.0 | +7431 «1102 -1102 | 
38.0 | .8529 | | .1098 .0137 .0004 
190.0 | -6328 +1103 +2205 | | 
38.0 8512 | | 2184 .0137 .0021 
266.0 +5174 | +1154 +3359 | 
38.0 | 8448 | 3274 | .0136 | .0085 
342.0 | -3939 +1235 4594 
38.0 -8334 +4395 +0137 +0199 
418.0 -2620 +3319 -5913 | | 
| 38.0 -8144 | | +5524 | 0138 | 0389 
456.0 | -1gt2 | -0708 | -6621 | 
494.0 - 1087 .0825 -7446 | 
Length between clamps. . .... . 100!” Area of original section; sq. ins. . . . .0023500 
Dimension of crosssection . . . . . .0547’" dia. Maximum load; lbs. per sq. in. orig. sect., 285,030 


Maxiwamlosd. 2. 1 st ww ee 6ST. Modulus of elasticity. . . See Se 
Special modulus of elasticity between 38 
and 114 lbs. eo 0 © © © © © «© © + 29)454,000 


29,347,000 
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TENSION TEST. 


Specimen, Giese Wire. 


Date, March 13, 1896. 





Loaps. | MICROMETER READINGS. 


Actual. 


95 
114 
133 
152 
171 
Igo 
209 


228 


| 
REMARKS. 








Length between clamps . 
Dimension of cross section 


Maximum load . 


| Megan. | DirFEReNcgs. 
Actual. 
I 2 | 
8706 Ce ae. ae rere 
-7948 -7946 7947 .0759 Fractured 14’ from lower holder. 
-7174 +7173 } +7174 | 0773 
-6386 | 63386 6386 | 0788 
.5005, | .5006 | .5006 1380 
-4603 -4603 | .4603 | 0403 
-3594 -3594 3594 | -1009 
+2573 | +2573 2573 | -1021 
100’ Area of original section; sq.ins.. . . . 000852 
was ; : ; . 
.0329”" dia. Maximum load ; lbs. per sq. in. orig. sect., 334,000 
ee ee ee 285 lbs. Modulus of elasticity. . .. . . . . 28,800,000 
Elastic elongation for 57 Ibs. load equals . .2320" 


Specimen, 


TENSION TEST. 


Giese Wire. 


Date, March 16, 1896. 





Loaps. | MICROMETER READINGS. | 


Actual. 


57 
76 
95 
114 
133 
152 
171 
1g0 


Length between clamps . 








Dimension of cross section . 
Maximum load . 


294.5 lbs. 


MEAN. DIFFERENCES. REMARKS. 
Actual. 
I 2 
| 
857: 85740 | 85735 | wee as 
7988 -7990 | .79) 05845 Soldered splice 3”’ long. 
6882 | 6884 -68830 11060 
5952 | -5952 -59520 | 09310 = ; : 
5°55 5050 | .§0525 | .08995 Did not fail at splice. 
4161 -4159 | 4160 | -08925 
3205 3204 | .32045 | 09555 The increase in the stretch at 95 Ibs. load 
2206 .2208 2207 09975 is probably due to splice drawing tight. 
| 
100!" Area of original section; sq.ins.. . . . .00085§ 
.033”" dia. Maximum load; lbs. per. sq. in. orig. sect., 344,000 








Results of Tests Made in the Engineering Laboratories. 217 


TorRsSION MACHINE. 


A description of the machine upon which these tests were made 
will be found in Vol. VI, No. 4, of the Technology Quarterly. Since 
the publication of that description, the measuring apparatus, which 
proved unsatisfactory, has been replaced by the following : 

Two telescopes mounted on cast-iron frames are clamped to the 
specimen, one at each end of the measured section, and focused on 
two vertical scales placed 500 inches from the axis of the specimen, 
measured in a line perpendicular to it at each telescope. The scales 
are graduated to tenths of an inch from a zero below the level of the 
axis of the specimen. The reading of the level of the center of the 
specimen on each scale was carefully determined once for all. 

The angle which the axis of the telescope makes with the hori- 
zontal = tan~* {reading of telescope on scale — (reading of level of 
center of specimen on scale + height of center of telescope above 
center of specimen)! + 500. 

With the initial load on the specimen, the telescopes are set to 
read at the tops of the scales. Check readings are taken on each 
telescope. The mean of each pair of check readings, corrected by 
subtracting the difference in height between the center of the tele- 
scope and the zero of the scale, gives the ordinate of the tangent of 
the angle which the axis of the telescope makes with the horizontal. 
The angle itself is found from a table of natural tangents and recorded 
on the log. This operation is repeated at every load. Then the dif- 
ference between each two successive angles of each telescope with 
the horizontal is the angle through which the telescope moves under 
each increment of load, while the difference between the angle through 
which the power end telescope moves under an increment of load and 
the angle through which the scale end telescope moves under that 
increment is the angle of twist of the specimen in its gauged length. 

The maximum angle of each telescope with the horizontal is about 
9° 30’ when it is reading on the top of the scale. When it has turned 
down to an angle of from 2° to 5°, it must be reset to read on the top 
of the scale again, as other apparatus in the room prevents lower read- 
ings. The errors of this apparatus have been carefully determined and 
found to be insignificant within the limit of accuracy kept in the angles, 
which are recorded to the nearest ten seconds. 

The spring balance which was formerly used to weigh the moment 
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of twist of the specimen has been replaced by a scale beam gradu- 
ated directly in inch pounds, and reading to go inch pounds by actual 


division. 


As these smallest divisions are about } inch in length, how- 


ever, the load can be weighed by estimation with greater precision 


than 90 inch pounds. 


The tests of small specimens and of wire 
were made on a similar machine mounted on the bed of a lathe. 
The weighing beam of this machine is graduated so that it is possible 
to weigh twisting moments to one tenth of an inch pound, 


TORSION TESTS ON WIRE. 

















tm = | *} eres | | 
¢ |4g| ag Bee | 48/2 | 
2 ee | ®e leSe] 2) = 
£ | §3| ws (SS§s| $8 | 5 
8 | fo | Sh iSSe5| ce | & 
e | 8. | 35 |SoHs| Bs | s 
Date. Specimen. 2 Bg 22 326 . ae EG | REMARKS. 
we | 82] = [eo SS8l os | #5 
vo s, S25  gieg os 
go | 23 | 22 ered a3 ce 
qaa|as | $2 |a589 os 
eal oa Bae sé ge 
j | | | 
1896. | 
Mar. 6| Hard drawn copper wire. | .0141 | 12.00) 9.4 | 42,600 | 70.75 | 5.90 
Mar. 10 | Hard drawn copper wire. | .1050 | 12.00 | 14.0] 61,600 | 87.50 | 7-29 | 
| | | | | ( Twisted in sections from 3 in. 
| | | | | | to 4 in. long, and separated 
Mar. 10 | Common iron wire. +194 | 12.00 | 108.4 | 75,600 | 23.00 | 1.92 | by sharply defined lines, al- 
Mar. 13 | Common iron wire. +193 | 12.00 | 112.5 | 81,000} 5.00 0.42 |4  ternately twisted closely and 
Mar. 16 | Common iron wire. +193 | 24.00 | 113.8 | 80,600 | 90.50 | 3.77 | | almost straight. No twisted 
| | || section was more than 1 in. 
| f . | | || long. 
Mar. 19 | Spring brass wire. .0831 | 12.00| 11.3 | 104,000 .00 | 0.42 
Mar. 19 | Spring brass wire. .0830 | 12.00] 10.0| 92,400] 4.00| 0.33 | 
Mar. 19| Spring brass wire. 0830 | 12.00 | 13.0 | 120,000] 7.75 | 0.65 | 
| | | | | | | Specimen buckled badly and 
Mar. 25 | Bessemer spring wire. | .ogto | 12.00 | 23.0 | 161,000 | 5-25 | 0.44 twisted only at scale end 
| 4 rip. 
| Spee buckled badly and 
Mar. 26 | Bessemer spring wire. 0900 | 12.00 | 21.5 | 150,000] 4.75 | 0.40 twisted only at scale end 
| | | rip. 
Mar. 27 | Bessemer spring wire. 0912 | 6.00 | 27.8 | 187,000 | 5.00} 0.83 it 
Mar. 27 | Bessemer spring wire. .0g12 | 6.00| 25.9 | 174,000 | 11.50 1.92 
Mar. 30| Bessemer spring wire. 0910 | 6.00] 26.5 | 179,000} 4.25 | 0.71 
Mar. 30| Bessemer spring wire. .0908 | 6.00} 26.1 | 178,000 | 11.50! 1.92 
April 1 | Bessemer spring wire. +0908 | 6.00} 24.5 | 170,000 | 17.00 | 2.83 
April 2] Bessemer spring wire. 0905 | 6.00 20.6 | 142,000] 7.50} 1.25 
April 4] Bessemer spring wire. 0910 | 6.00 | 26.0 | 176,000} 9.00 | 1.50 
April 4 | Bessemer spring wire. .0g10 | 6.00 | 26.0 | 176,000 | 8.50 | 1-42 
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7200 


8,100/8 


9,900 
11,700 
13,500 
15,300 
15,300 
17,100 


ScaLe READINGs. 


Power 
end. 


2.49 
+15 
.08 
81 


«50 





8 | 93. 


Specimen, Bessemer Steel. 


TORSION 





CORRECTED 


ANGLES 


TEST. 


Results of Tests Made in the Engineering Ladoratories. 


Date, October, 24, 1895. 














Mean. | Corresponpinc.| DIFFERENCES. 
nae“ 7 Angle of 
| twist. 

Scale Power Scale | Power | Scale Power | Scale 

end. end. |.end. end. end. end. | end. 

, . ‘616. Ole tween 1 @< w 
91.48 | 91.49 83.49 | 83.58 | 9, 28,50] 9,29, 26] -. cer ce | ceeee ce | oe eee ee 
88.22 | 88.24 | 77.16 | 80.31 | 8, 46,34) 9, 7,30) 0, 42, 16| 0, 21, 56| 0, 20, 20 | 
83.29 | 83.31 | 69.08 | 75.40 | 7,52, 0} 8,34, 32/0, $4, 34/0, 32,58 | 0, 21, 36 
78.30 | 78.31 | 60.81 | 70.40 | 6,56, 4| 8, 0,54) 0,55, 56) 0,34,38]| 0, 21, 18 
73-95 | 73-93 | 53-50 | 66.04 | 6, 6, 28 7131, 26| 0, 49, 36| 0, 29, 28] 0, 20, 8 | 
68.99 | 69.00 | 45.80 | 61.09 | 5,14, 2| 6,58, 0] 0,52, 26| 0, 33,26| 0, 19, 0 
63.70 | 63.71 | 37-21 | 55.80 | 4,15, 22| 6,22, 6/0, 591 42) © 35, 54) 9, 23, 46 | 

05 | 93-03 | 83.87 | 85.14 | 9, 31,22 | 9,39, 48! «. - . 

89.51 | 89.51 | 77.58 | 81.61 | 8, 49, 12} g» 16, 12} 0, 42, 10/0, 23, "36 o, 18, 34 | 
81.60 | 81.60 | 63.27 73-79 | qs 12,44| 8, 23, 61| 1,37, 28| 0,53, 6| 0, 44, 22 
74-59 | 74.60| 50.08 | 66.69 | 5, 43, 10} 7:35) 52 | 1, 29,34 | , 47, 14 | 0, 42, 20 

67.60 | 67.61 | 37.09 | 59-70 | 4,14, 12] 6, 48, 34] 1,28, 58| 0, 47,18 | 0, 41, 40 | 
60.90 65.90 | 24.40 | 53.00 | 2,47, 46) é, 3» 2), anes O, 45, 32 | 0, 40, 54 | 
84.00 | 84.00 | 67.40 | 76.10 | 7, 40,38 | 8,39, 14| os eeeee | 
77-81 | 77.80 55-34 | 69.90 | 6,19, 56| 7557, 3), 20, 42 Oy 41, 42 5 395 ) 





REMARKS. 


Specimen fractured 6” 
from power end grip. 





Distance from center of test piece to scale . 

Reading of level of center of test piece on scale 

Height of center of telescope above center of test piece . 
Length of specimen between jaws 
Dimension of cross section . 

Length of specimen between telescopes 
Maximum twisting moment . 


Number of turns of specimen binaens jaws at piacere 
Outside fiber stress at elastic limit 
Angle of twist between 1,800 in. lbs. and 7,200 in. Ibs. 
Shearing modulus of elasticity between 1,800 in. Ibs. and 7,200 in. ‘te. 
Average number of turns of specimen per foot at fracture 


. power end, 3.90; 


66,280 lbs. per sq. in. 


500.0" 

scale end, 2.80" 
5. 10” 

60.0” 

1.49” dia. 
40.00"" 

43,920 in. Ibs. 
8.6 

2° 6’ 8" 
11,800,000 
1.72 














Results of Tests Made in the Engineering Laboratories. 221 
TORSION TEST. 
Specimen, Bessemer Steel. Date, October 30, 1895. 
~ : mn CorRECTED ANGLES as il | 
ScaLE RRADINGS. MEAN. CORRESPONDING. DIFFERENCES. | 
agate LeetsetaisteN SES | Angle of 
| | twist. | REMARKS. 
%& Power Scale | Power! Scale| Power | Scale | Power | Scale | 
5 end. end. | end. | end. oon. -— bya’ - | a taiad 


I 2 I 2 





2,700| 76.75 | 76.77 | 80.42 | 80.41 | 67.76 | 72.51 | 7443, © | 8p 15,30) -. coe ve | ceereee | oe coe oe ’ 
3,600 | 68.04 | 68.05 | 74.80 | 74.80 | §9.04 | 66.90 | 6, 44, 10 | 7,37, 20 | 0, 58, 50 | 0, 38, 0| 0, 20, §0 | Specimer. fractured at 
4,500 57-98 57-94 | 67.72 '67.71 | 48.93 5) 35, 20 | 6, 49, 20/1, 8,50) 0, 48, 0} 0, 20, 50 power end jaw. 





he 49-33 | 62.41 | 62.42] 45 36, 40 | 6, 13, 20| 0, 58, 40 | 0, 36, 0| 0, 22, 40 
554 .00/ 8 9s 339 2)}9p 1G, 30] +--+ woe | eeeeee oe eee ce 
6,3 10 8,42, 0| 8,46, 40|0,51, 0| 0,32, 50 o, 18, 10 
6,300], 7 75 | 7144, 0/8, 9,30) 0,58, 0/0,37,10| 0, 20, 50 
8,100 | 69.20 .20| 60.18 6, 51,50 | 7,40, ©| 0, 52, 10| 0, 2g, 30| 0, 22, 40 
»,000 | 60.98 " -08 | 51.97 5,58, 9/17, 4,40] 0,53,50/ 0,35, 20| 0, 18, 30 
9,900 | 52.78 -83 | 64.82) 43.7 5, 9,20 | 6,29, 40 | 0, 57, 409| 0,35, O| 0, 22, 40 
9,900 | 92.10 34.70 |84.70| 83.10 Q, 26, 10 | 8,44, O| ee eee ee | oe eee OS} ences 

11,700/ 79.31 +92 |77-9° 70.31 8, oO, 20 | 7,53, 10 | 1,25, 50) 9,45, 50 » 40, O 


12,600] 72.58 
13,500 | 66.30 
14,400 | 60.58 


-60| 74.60! 63.59 
-80|71.80| 57.80 
3.80 | 68.80! 51.59 
15,300| 54.40) § 5-60 | 65.60) 45.40 
16,200 | 48.48 80 | 62.80! 39.49 


7» 145 50 | 75 359 49 | % 45,309 | O, 22,30 23, 0 
6,35,)49|7,17, 9, 0,39, 10/0, 18, 40 Ms 20, 30 
5, 52, 30 | 6, 56, 40 | 0, 42, 10 | 0, 20, 20} 0, 21, 50 
5, 11,20 | 6,35, 0/0, 42,10! 0, 21, 40} 0, 20, 30 
J 4,31, 0 6, 16, 0/0, 40,20) 0,19, 0 O, 21, 20 
16,200 | 92.10 | 92.10 | 80.25 | 80.23 | 81.10 Qy 12,50 | 8, 14, Of «. oo. oe | oe cee ee| os eee oe 
17,100 | 85.50 | 85.50 | 77-39 | 77-40 | 74.50 8, 28, 30 | 7, 54,50 | , 44, 20/0, 19, 10/ 0, 25, 10 
18,000 | 60.15 | 60.15 | 72.50/72.52 51.15 | 64.60 5,50, 30 | 7,22,40/ 2,38, 0|0,32,10, 2, 5, 50 











Distance from center of test piecetoscale . . . . . +. es 500.0"" 
Reading of level cf center of test piece on scale . .... . . . power per 3-90; scale end, 2.80” 

Height of center of telescope above center of test piece . . . . . .. ss 5.10" 
Lengii-of epectmen Between jaws 2. kk ee 57-5" 
Dimension of cross section. . . i ROR, Fare Cl: a ce ae Wey eee 1.50” dia. 
Length of specimen between tdenengee Bea) lay re eee 40.00" 
OY ee a ee ee Ge te el ee 17,000 in. lbs. 
Maximum twisting moment . . . 3, @ ase sae reas 44,820 in. lbs. 
Number of turns of specimen hetanen } jaws at inate 3 Sie, salen Seb ieee as 11.5 
Outside fiber stress at elasticlimit . . . + «+ «+ « 25,600 lbs. per sq. in. 
Apparent outside fiber stress as calculated teen maximum a twisting moment . . . 67,600 lbs. per sq. in. 
Angle of twist between 3,600,in. Ibs. and g,gooin. Ibs. . . . Veer ans 2° 26! 20” 
Shearing modulus of elasticity between 3,600 in. lbs. and 9,goo in. . the. Rive, ieee 11,900,000 
Average number of turns of specimen per foot atfracture . . ....... 2.40 









































222 Results of Tests Made in the Engineering Laboratories. 
TORSION TEST. 
Specimen, Bessemer Steel. Date; November 1, 1895. 
+3 CorRECTED ANGLES ; | 
= Scate READINGs. MEAN. CORRESPONDING. DIFFERENCES. | 
we : | Angle of 
&e l P Scal P | Seal | twist, 
25 | Power end. Scale end. Power | Scale ower care cower | scale | 
Es end end. end. end. end. end 
am | ‘ . : ertat 4 a arr eo oT 1 OL ee ae Pe ay 
7 l 
1,800 | 92.00 | 92.01 g1.60 91.60 83.00 | 83.70 | 9, 25,30 | 9, 30, 10 Perrys | Hoa CRE 
3,600 | 71.79 | 71.80 | 77-43 | 77-44 | 62.79 | 69.54 | 7) 9,30] 7,55, 0| 2,16, 0 | 1,35, 10| 0, 40, 50 
5,400 | 57.29 | 57-31 | 69.14 | 69.12 | 48.30 | 61.23 | 5,31, 0 | 6,59, © ts 38, 3 o, adh © | 0, 42, 30 
5400 | 88.70 88.71 90.59 99.59 79-70 | 82.68 | 9, 3,20] 9, 23,20 : So es 66 
7:200 | 73.81 | 73.80 | 81.91 81.91 | 64.80 | 74.01 | 7,23, ©| 8, 25,10] 1, * 40, 20 | 0, , 58) 1 10 | 0, 42, 10 
1 | | 
Distance from center of test piece to scale 500.0'" 


Reading of level of center of test piece on scale 

Height of center of telescope above center of test piece 
Length of specimen between jaws 

Dimension of cross section . 

Length of specimen between silesmtipes 

Elastic limit in torsion 

Maximum twisting moment ° 
Number of turns of specimen between j jaws at fracture . 
Outside fiber stress at elastic limit Z 
Apparent outside fiber stress as calculated den maximum nalts te moment 
Angle of twist between 1,800 in. lbs. and 7,200 in. lbs. 


. power end, 3.90; scale end, 2.80” 


5.10" 


17,000 in. lbs. 

45,810 in. lbs. 

9-9 

25,600 Ibs. per sq. in. 
69,100 lbs. per sq. in. 






































: 2° 5! 30" 
Shearing modulus of elasticity between 1,800 in. Ibs. and 7,200 in. ee. 11,900,000 
Average number of turns of specimen per foot at fracture . 2.03 

TORSION TEST. 
Specimen, Refined Iron. Date, November 5, 1895. 
| CorRECTED ANGLES 
5 | Scace READINGS. RAN. CorRESPONDING.| DIFFERENCES. 
wee |—__— | Angle of | . 
£9 | | t | cs. 
ae Power | Scale sad Scale | Power | Scale | Power | Scale | _ eee 
“= | end. | end. end. | end. | end. end. end. end. 
as ae EF . lorwlornwlornlorn| rn 
l | | | | 
3,600 | 94.12 | 94.12 | 90.11 |90.11| 86.07 | 80.96 | 9,46, 0|9,11, 50 tel ee eee ee| oe eee -| 2 
75200 | 77-50 | 77-50 | 80.§9 | 80.59] 69.45 | 71.44 | 7) 54,30|8, 7,50 r, $1, 30 I, 4, | 0, 47, 30 At 21,600 in. lbs. load 

10,800 | 58.50 | 58.50 | 68.50/68.50| 50.45 | 59.35 |5,45,40|6,46,10|2, 8,50| 1,21, 40 % 47) 10 the scale beam 

10,800 | 93-59] 93-59 | 90-93 | 90-93] 85.54 | 81.78 | 9,42,30/9,17,30| +. e0. 2 | ee eee es dropped. 

14,400 | 76.50| 76.50| 81.17|81.17| 68.45 | 72.02 |7,47,40|8,11, 50| 1,54,50|1, 5, 40 a 49, 10 

18,000 | 56.39 | 56.39| 70.70] 70.70] 48.34 | 61.55 adage fi dl 2, 60, 20 | 1, 10, §0/ 0, 49, 30 

18,000 | 93.33 93- 33/98: 24|93-24| 85.28 | 84.09 | 9, 40, 50/9532, 50] oe. ee. ee | ew eee ee | os cee oe 

21,600|..... elscssekeaeeal Seeus | tae ee eee eee ha ede th Banrene we 

| | 1 | | 
Distance from center of test piece to scale 500.0” 


Reading of level of center of test piece on scale 

Height of center of telescope above center of test piece 
Length of specimen between jaws 

Dimension of cross section . 

Length of specimen between slime 

Elastic limit in torsion 

Maximum twisting moment . ° 
Number of turns of specimen betenen } ‘owe at Sustnine ° 
Outside fiber stress at elastic limit 

Apparent outside fiber stress as calculated tein maximum 2 tuleting moment 
Angle of twist between 3,600 in. Ibs. and 14,400in. Ibs... . . 
Shearing modulus of elasticity between 3,600 lbs. and 14,400 in. a. 
Average number of turns of specimen per foot at fracture 


. power wil, 3.90; scale end, 2.80" 


5.25" 
61.1" 
1.75" dia. 
40.00” 
18,000 in. lbs. 
56,150 in. lbs. 
7.1 
17100 lbs. per sq. in. 
53,400 lbs. per sq. in. 
2° 23' 50" 
11,200,000 
1.39 











Results of Tests Made in the Engine 


TORSION TEST. 


Specimen, Refined Iron Bar. 


ering Laboratories.. 223 


Date, November 11, 1895. 








3 | CorRECTED ANGLES | 
eS ScaLe READINGS. MEAN. CorRgSPONDING.| DIFFERENCES. 
ot _| La | Angle of 
es j | twist. REMARKS. 
SE Power | Scale | Power Scale | Power | Scale | Power | Scale 
-_ | | 
z end. | end. | end. | end. | end. | end. end. | end. 
iA 2 I 2 | | }orwlorw ornwrlor ww ee 6 - 
as I | | 





ie 


3,600 | 93.50 | 93-49 | 90.11 | 90.10 84.35 | 82.06 | 9) 34) 30| 9) 19,10}. wee ve | oe 


7,200 | 70.68 | 70.69 | 74.34 | 74-32 | 61.54 | 66. 28/7, 1, 0] 7,33, © 2,33,30 


1, 46, 10 | 0, 47,20 | At 19,800 in. Ibs. load 


10,800] §1.10| 51.09 | 61.87 | 61.85 | 41.95 | 53- 81 | 4, 47, 40 | 6, 8,30/2, 13) 20 1,24, 30| 0, 4; so | the scale beam dropped. 


10,800 | 94.34 | 94-34 | 91-89 91-90, 85.19 | 83.85 | 9, 40, 10| 9,31, 10|.. ++. 

12,600) 85.41 | 85.40 | 86.55 | 86.55 | 76.26 | 78. 50| 8, 40, 20] 8, 55,20 /0, 59, 50 
14,400| 76.10| 76.12 | 81.11 | 81.10| 66.96 | 73. 06 | 7,37, 40| 8,18, 50/1, 2,40 
16,200 | 65.10 | 65.12 | 74.74 | 74-74| 55-96 | 66. 69 | 6, 23, 10 7) 351 $01, 14, 30 | 


18,000 | §1.90/ 51.90 aati 68.11 | 42.75 | 60.05 | | 4 532 10) $$) 5) % 39, © | 0; 45, 0} 0, 45, 0 
| 


0, 35,50} 0, 24, o| Specimen fractured 
0, 36, 30| 0, 26, 10 | 3” from scale end jaw. 


0, 43, ° O, 31, 30 











Distance from center of test piece to scale. . . 
Reading of level of center of test piece on scale . P 
Height of center of telescope above center of test aoe : 


Length of specimen between jaws . . Sap dle, 
Dimension of cross section 40%: eich owt ae ees 
Length of specimen between telescopes ; i ey he ee 
Elastic limit in torsion . . aS ks") Roe See 


Maximum twisting moment ; ; 
Number of turns of specimen between j jaws at fracture . 
Outside fiber stress at elastic limit . 


- 500.0'" 
‘ power end, 3-90; scale wal 2. 80"” 
Se ey 5.25" 
a taee Cas 64.00'" 
et ne 1.75 in. dia. 
a 40.00"" 
rah vathaie 14,400 in, lbs. 
& Sey eee 551350 in. lbs. 
. oa 4 8 


13,700 lbs, per sq. in. 


Apparent outside fiber stress as calculated from maximum twisting ‘moment. 52,600 lbs. per sq. in. 


Angle of twist between 3,600 in. lbs. and 12,600 in. Ibs. 
Shearing modulus of elasticity between 3, 600 in. Ibs. and 1 12, 600 in, 
Average number of turns of specimen per foot at fracture . 


TORSION TEST. 


Specimen, Refined Iron. Date, Nove 


ee 2° 0 10 
‘| er 11,200,000 
ae ee eer 1.63 


mber 12, 1895. 














rs | CorrEcTED ANGLES 
= ScaLce R#avinGs. | Mean. | CorrEsPonpInc.| DIFFERENCES. 
ee |— | oe ‘ 
36] Power | Scale | Power Scale | Power | Scale | Power | Scale _ — 
‘5 | end. | end. end. | end. I. end. | end. | end. | end. 
& I | - a | wlor wloe wmior wioer 
| | 


| 

3,600 | 89.89 | 89.89 | 90.54 | 90.54 | ial 82.49 | 9, 10, 10 | pe ee 
5,400 | 79.90 | 79.90 | 83. -9| 83.90 | 70.75 | 75-85 | 8, 2, 10 | 8,37, 30/1, 8, 0 
7,200 | 68.65 | 68.65 | 76.32 | 76.31 | 59.50 | 68.27 | 6, 47,10| 7,46, 30 | 1,15, 

9,000 | 58.66] 58.66 | 69.75 | 69.75 | 49.51 | 61.70| 5,39,20| 7, 2, O| 1, 7,50 
10,800 | 49. 07 | 49-09 | 63. 72 | 63.70/ 39. 93 | 55- 66 | | 4,34) | 6,21, 1 10 | I, 5,20] 
— 39-61 | 39.61 | 57.83 | 57- “83 | 30. 46 | 49-78 | 3,29,10| 5,41, 10) 1, 4150 

2,600 | go. 14) 90.14} 89.02 | 89.02 | 80.99 | 80.97 | 9,12, 0|9,11,50| ... 

enlthe 81.52 | 84.08 | 84.08 | 72.37 | 76.03 | 8, 14, 10| 8, 38, 30 | 0, §7,§0 
16,200| 71.13 | 71.14 | 78.13 | 78. 11 | 61.99 | 70.07 7, 4, °| 7,58, 40| 1, 10, 10 
18,000 | §9.60 | 59. 62 | 71.90 








nad 50.46 | 63.85 | 5,45, 50| 75 16, 40 | 1, 18, 10| 





i 42,40 re 25,20| At 19,800 in. Ibs. 
0,51,00| 0,24, o|load the scale beam 
| 0, 44, 30| 0, 23, 20 | dropped. 

©, 40, 50] 0, 24, 30 
| 9% bee 0/0, pie _ 
oN necete 
0,332 20 °, 24, 30 
O; 39, 50 | 0, 30, 20 
0, 42, 0| 0, 36, 10 


| 














Distance from center of test piece to scale . ine 
Reading of level of center of test piece on scale ‘ 
Height of center of telescope above center of test ~_ ‘ 
Length of specimen between jaws . 

Dimension of cross section : 

Length of specimen between telescopes ‘ 

Elastic limit in torsion 

Maximum twisting moment 

Number of turns of specimen between jaws at fracture 
Outside fiber stress at elastic limit. . 

Apparent outside fiber stress as calculated from maximum twisting 
Angle of twist between 3,600 in. Ibs. and 12,600 in. Ibs. 

Shearing modulus of elasticity between 3, 600 in. Ibs. and 1 12, 600 in. 
Average number of turns of specimen per foot at fracture . . . 


hy oe ee 500.0” 
power end, 3.90’’; scale end, 2.80” 
x. ocean's 5.25" 
a % 64.5" 
1.72 in. dia. 
40.00" 

14,400 in. lbs. 
45,090 in. lbs. 


: 5-4 
+ + 14,300 lbs. per sq. in. 


moment ° 44,900 lbs. per sq. in. 
we os 220° 
lbs. . ‘ 11,800,000 
“ee ek we eee 1,00 






























































224 Results of Tests Made in the Engineering Laboratories. 
TORSION TEST. 
Specimen, Refined Iron. Date, November 13, 1895. 
< CORRECTED | ANGLES | | 
= ScaLe Reapincs. Mean. | Corresponpine. DIFFERENCES. 
wee heer = _| Angle of | 
SE Power Scale |p Scal poe Scale | Power | Scale | Twist. REMARKS. 
3 End End. [end end. | End. End. | End. End. | 
: nd. nd. | End. | End. | En nd. | En nd. | | 
ral , e : . jo ” rulornlormlorn 
| | | | | | 
1,800 | 93.2 93- 23 | 89.91 | 89.92 | 84.08 | 81.86 | 9,32, 40 | 9, 17, 50] «. teeeee| oe 
3,600 | 84.52 .54 | 84.62 |84.61| 75.38} 76.56 | 8,34, 20] 8, 42, 20| 0, 58,2 20] 0, 35,30] 0, 22, * 50 Specimen fractured 
5,400 | 73. -62| 73.63 77-22|77-20| 64.47 | 69.16 | 7, 20, 50 71 $2» 30 | O, 73, 30} 0, 49; 50} 0, 23, 40 13’ from power end 
7,200 | 63.83 | 63.84 | 70.90] 70.90 54-68] 62.85 | 6, 14,30] 7, 9,50/| 0, 66, 20| 0, 42, 40| 0, 23, 40 jaw. 
9,000 | 55. 35|55-34 65.93 | 65.92| 46.19| 57.87 | 5, 16, 40 | 6, 36, 10| 0, 57, 50] 0, 33,40] 0, 24, 10 | 
10,800 47.10| 47.11 | 61.12] 61.12] 37.95| 53-07 | 4520, 30| 6, 3,30| 0, §6, 10] 0, 32, 40] 0, 23, 30 | 
12,600 | 38.7 1|38.72 56.21 | §6.22| 29.56| 48.16 | 3,23, 0] 5,30, 10 | © $75 ” 133» 20] 0, 24, 10 
12,600 9186 91-86] 89.40 89.41 | 82.71 | 81.35 | 9) 23, 30] 9, 14, 30} oe etal iG a 
14,400 | 83.70/ 83.72 | 84.87] 84.88] 74.56] 76.82 | 8,28, 50] 8,44, 10/ 0, 54,40 ° "30, 20| 0, 24, 20 
16,200 | 74.70 | 74.70 | $0.09 | 80.07 | 65.55 | 72.03 | 7,28, 10 8, 11, 50 | I, 0, 40] 0, 32,20] 0, 28, 20 
18,000 | 64.32 | 64.33 | 75-12] 75-14] 55-17] 67.08 | 6,17, 50 7138) 30| I, 10, 20| 0,33,20]| 0, 37, o | 
19,800 | 46.67 46.65 | 68.39 68.41 | 37.51 | 60.35 | 4,17, 20| 6, 53, od 2, 0,30] 0, 45,30] 1,15, 0} 
| | 
Distance from center of test piece to scale . at 500.0" 
Reading of level of center of test piece on scale . Rog power end, 3. go”; scale ona; 2.80"' 
Height of center of telescope above center of test - ae 5.25" 


Length of specimen between jaws 

Dimension of cross section ‘ 

Length of specimen between telescopes 

Elastic limit in torsion ees 

Maximum twisting moment. 

Number of turns of specimen between jaws ‘at fracture 
Outside fiber stress at elastic limit . 


Apparent outside fiber stress as calculated from maximum twisting moment . 


61.00" 

1.75 in. dia. 
40.00” 

14,400 in. lbs. 
53,360 in. lbs. 
6.1 


13,700 lbs. per sq. in. 
50,700 lbs. per sq. in. 
” 




















Angle of twist between 1,800 in. Ibs. and 10,800 in. Ibs. . 1° 57’ 10 
Shearing modulus of elasticity between 1,800 in. lbs. and 10, 800 in. Ibs. 11,500,000 
Average number of turns of specimen per foot at fracture ‘ 1.20 
TORSION TEST. 
Specimen, Swedish Iron. Date, November 18, 1895. 
oi | CoRRECTED ANGLES | 
= Scate READINGS. |  Mgan. | CorresPonpING DIFFERENCES. | 
bee | | Angle of | | . 
&6 | twist. | EMARKS. 
Zé Power Scale | Power! Scale | Power | Scale | Power | —_— } ” | 
3 end. end. end. | end. | end. end. end. A vs 
od . 2 : 2 | ae et Pale Peg rom | 
| | | | | ee G 
3,600 | 91.21 | 91.20 | 86.75 | 86. 76 | 81. 04 | se:a9 | 9» 17, 40 | ‘esas! oe oe este oe | os cee oe 
7,200 | 73.27 | 73.27| 74.80 | 74.80 | 63.91 | 66.54 | 7,17, 0|7,34,50/|2, 0,40/ 1,20, 30| 0, 40, 10 | Specimen fractured at 
10 800 | 59.58 | 59.56 | 66.97 | 66.96} 50.21 | 58.70 | 5,44, 0|6,41,40| 1,33, 0/0, 53, 10| 0, 39, 50 power end jaw. 
14,400 | 46.04 | 46.03 | 59.31 | £9.30] 36.67 | 51.04 | 4, 11,40 | 5, 49, 40 | 1, 32, 20/0, 52, 0| 0, 40, 20 
18,000 | 33.40 | 33-40 | 52.56 | §2.54| 24 04 | 44.29 | 2,45, 10/5, 3,40|1, asst © 46 ©} ©, 40, 30 
18,000 | 80.87 | 80.86 | 83.33 | 83.32 | 71.50 | 75.06 |8, 8,20| 8,32) 5|-.-+. ee ae are 
21,600 | 67.68 | 67.69 | 78.67 | 78.68 | 58.32 | 74.41 | 6, 39, 10 | 8, 27, | I 29, 10 lo, 4, 15 1, 24, 55 | 
| | 
Distance from center of test piece to scale . (00.0"" 
Reading of level of center of test piece on scale’ " - power end, 3-90; scale end, 2.80’’ 
Height of center of telescope above center of test piece . ‘ 5.46" 3 
Length of specimen between jaws . ° a «e408 ° 81.5" 
Dimension of cross section ° es % * 2.01 in. dia. 
. 60.00" 


Length of specimen between telescopes : 
Elastic limit in torsion . ; 
Maximum twisting moment . . 
Number of turns of specimen between jaws at fracture 
Outside fiber stress at elastic limit . 


Apparent outside fiber stress as calculated from maximum twisting moment . 


Angle of twist between 3,600 in. Ibs. and 14, 400 in. Ibs. 


Shearing modulus of elasticity between 3,600 in. lbs. and 14,400 in. ibs 


Average number of turns of specimen per foot at fracture . 


18,000 in. lbs. 

83,180 in. lbs. 

20.8 

- 11,300 lbs. per sq. in. 
+ 52,200 Ibs. per sq. in. 
. 2° 0’ 20” 


11,500,000 
3.06 
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TORSION TEST. 


























69.35 | 7, 13, 48| 7, 53,50 | 2, 10, 52 | 
58.92 | 5, 22,30 | 6, 43,10/ 1,51, 18 
50.50 | 3,44, 0 | 5 46, o 


7,200 | 72.79 | 72-79 | 77-62 | 77.61 | 63.43 
10,800 | 56.40 | 56.40 | 67.19 | 67.18 | 47.04 
14,400 | 41.99 | 41.98 58.77 | 58.76 32.62 | 


1, 38, 30 | 0, 57, 10] 0, 41, 20 


Specimen, Swedish Iron. Date, November 20, 1895. 
, CorrECTED ANGLES | | 
. ScaLe READINGS. MEAN. CorresponpinG,| DIFFERENCES. | 
‘a St ae ee ee 5 é wees Angle of | 
ca ° | | twist. | REMARKS. 
= Power | Scale | power! Scale| Power | Scale | Power | Scale | 
: end. | end. end. | end. | end. end. end. end. | | 
Fd ; rae ‘ bP wat eee be eee wrote 
| | | 
3,600 | 79-72 | 79-72 | 76.59 | 76.61 | 70.36 | 68.34 | 8, 0,40 7547) O| ee eer ee or eee ce | oe eee ee ; 
7,200 | 69.99 | 69.99 | 72.72 | 72.70 | 60.63 | 64.45 | 6, 54,50 | 7,20,40 1, 5,50 0,26, 20! 0, 39, 30 At 25,200 in. Ibs. load 
10,800 | 60.39 | 60.41 | 68.98 | 68. 98} 51.04 | 60.72 | 5, 49,40 | 6, 55,30, 1, 5,10 0, 25, 10| 0, 40, © the scale beam 
. 14,400 | 49-71 | 49-71 | 64.17 | 64.19] 40.35 | 55-92 | 4,36, 50 | 6,23, © 1,12,50 0,32,30| 0, 40,20 | dropped. 
16,200 | 43-06 | 43. 08 | 60. 46 | 60.45 | 33.71 | 52.20 | 3, 51,20 | 5,57) 40 | 0, 45, 30 | 0, 25, 20] 0, 20, 10 
18,000 | 37.50] 37-50| 57-76] 57- 2 28.15 | 49.51 | 3, 13,20 5, 39,40 0, 38, © 0,18, 0} 0,20, o| Specimen fractured at 
18,000 | 92.90] 92.91 | 84.62 | 84.64| 83.54 | 76.37 |9, 29,10 | 8,41, 0 ey ee, oh ey power end jaw. 
19,800 | 86.91 | 86.91 | 81.66 | 81. 66| 77-55 | 73-40/8,49, 0/ 8,21, 0 ©, 40, 1 10 | 0,20, O| 0, 20, 10 
21,600 | 80.99 80.98 | 78. 83 | 78.83 | 71.63 | 70.57 8, 9,10 8, 2, | 0,39, 50 | 0, 19, | O, 20, 50 
23,400 | 74.60 aoe 75. “5375: 52 | 65 24 | 67.27 7,26, © | 7, 39, 50 | , 43, 10 0, 22, i das eal dl 
Distance from center of test piece to scale. 500.0" 
Reading of level of center of test piece on scale .. . - power ‘end, 3.90; scale end, 2. 80" 
Height of center of telescope above center of test ane 5.25" 
Length of specimen between jaws . Se : Bo ee 79.0" 
Dimension of cross section 2.01 in. dia. 
Length of specimen between telescopes . aren <4 60.00"" 
Riese Tee ta Se i cs ee ke we ee HO reals 23,000 in. lbs. 
Maximum twisting moment . 08 cea 83,340 in. Ibs. 
Number of turns of specimen between j jaws at fracture . 6 ar 20.7 
Outside fiber stress at elastic limit . + 14,400 lbs, per sq. in. 
Apparent outside fiber stress as calculated from maximum twisting ‘moment | 52,300 Ibs. per sq. in. 
Angle of twist between 3,600 in. lbs. and 18,000 in. lbs. . oe 2° 40’ 0” 
Shearing modulus of elasticity between 3, 600 in. Ibs. and 18, 000 in. Ibs. ° 11,600,000 
Average number of turns of specimen per foot at fracture . ay Ser ie oe 3-14 
TORSION TEST. 
Specimen, Swedish Iron. Date, November 26, 1895. 
= ] 
2 | Correctep | ANGLES lp | | 
= ScaLe READINGs. : Mean. CorRESPONDING IFFERENCES. | 
=~ i | Angle of 
ES ] + Twist. Rey 7 
SE Power Scale | Power Scale Power | Scale | Power | Scale | | ee 
3 end. end. | end. | end. | © - | ot. end. | end. | 
~ I 2 I im | | a | ° ° ”1o wmioriw 
| | | | | | i 
3,600 | 92.23 | 92.24 | 91.07 | 91.06 | 82.87 | 82.80 | 9,24, 40| 9,24, 10] .. +. rt eee Pome 


I, 30, 20] 0, 40, 32 | Specimen fractured at 
| 1, 10, 40| 0, 40, 38 scale end jaw. 


21,600 | 74.16 


74-15 


74-60) 74.60 64.80 


18,000 | 28.56 | 28.56| 51.40] 51. 40} 19.20 | 43.14 | 2,12, ©| 4, 55,50| 1,32, 0} |, 5° 10 | 0, 41, 50 
18,000 | 89.61 | 89.61 | 81.38 | 81. 39 | 80.25 | 73.12 |9, 7,10) 8, 19,10] ..--. 01 6s eae 66 
19,800 | 83.01 | 83.01 | 78. 13 | 78. 14| 73-65 | 6. 87 | 8, 22, 50] 7, 7,20] 0, 44,20 | «22550 O, 22, 30 








66.34 | 7,23, © | 71 33, 30 | 59, 50 | 0, 23, 50 | 0, 36, 0 | 
! | 





Distance from center of test piece to scale 


Reading of level of center of test piece on scale . ... . - Power ‘end, 3-90; scale one 2. 2 So! 
Height of center of telescope above center of test ae s<0°s ‘ 5.40!" 
Length of specimen between jaws . ° “oe ee 77.5 

Dimension of cross section . ‘ae ee eS Ae ee 2 in. dia 
Length of specimen between telescopes ‘ 60.00" 
Elastic limit in torsion . . . 19,800 in. lbs. 


Maximum twisting moment . ° 
Number of turns of —— between jaws at fracture . 
Outside fiber stress at elastic limit 


Apparent outside fiber stress as calculated from maximum twisting moment. . 


Angle of twist between 3,600 in. lbs. and 18,000 in. 
Shearing modulus of elasticity between 3,600 in. lbs. and 18, 000 in. Ibs. 
Average number of turns of specimen per foot at fracture. . . . . 


79,650 in. lbs 


19.1 
12,600 Ibs. per sq. in. 
50,700 lbs. per sq. in 
2° 44! 20/7 

11,400,000 

2.96 
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moment. 


| Twisting 


3,600 

7,200 
10,800 
14,400 
18,000 
18,000 
19,800 
21,600 



































TORSION TEST. 
Specimen, Swedish Iron. Date, December 2, 1895. 
CorRECTED ANGLES | 
ScaLe READINGS. MEAN. CoRRESPONDING.| DIFFERENCES. 
a See ea A Angle of 
| . 
Power Scale | Power Scale| Power | Scale | Power Scale caees sie nar 
end. end. end. | end. end. end. end.’ end. 
I 2 1 2 | :> ow oe oF | ore ovr w or Ww 
89.57 | 89.58 | 86.04 | 86.04 | 80.21 | 77-78 |9, 6, 50| 8, 50,30 re rerry area 
73-42 | 73-43 | 75-90| 75.90| 64.06 | 67.64 | 7, 21,40| 7, 42, 20] I, 45,1 10/1, 8,10] 0, 37, 0| At 23,400 in. Ibs. load 
57-80 | 57.79 | 66.20 | 66.20| 48.43 | 57-94 | 5» 32, o| 6, 36, 40| 1, 49, 40| 1, 5,40] 0,44, 0} the scale beam 
42.90 | 42.90| 57.20| 57.19| 33.54 | 48-93 | 3, 50,20| 5, 35,20] 1,41, 40] 1, 1,20| 0, 40, 20| dropped. 
30.03 | 30.04 | 50.30 | 50.30] 20.67 | 42.04 | 2,22, 0} 4, 48, 20/ 1, 28, 20 © 472 o| | % ats 20 
92.58 | 92.59 | 82.93 | 82.92 | 83.22 74.66 | 9, 27, 0| 8, 29, 40 - | Specimen fractured at 
87.00 | 87.01 | 80. 49 | 80. | 77-65 | 72.22 | 8, 49, 40| 8, 13, 10| 0, 37,2 20] 0, 16, 30 | o, 20, 50 | | power end jaw. 
80. 56 t0.57 77-69 | 77. 7° 71. st [8s 6, 20 | 7, 54920] 0, 43, 20] 0, 18, 50 | 0, 24, 30 | 
| | | | | 
Distance from center of test piece to scale. Se ee oe ee 00,0!" 
Reading of level of center of test piece on scale : aS power end, 3.90: scale end, 2.80/ 
Height of center of telescope above center of test piece. oo Me ty om! @ 5.40!" 
Length of specimen between jaws. . ° ‘ie 76.75" 
Dimension of cross section . . 2.01 in. dia. 
Length of specimen between telescopes ‘ 60,00! 


Elastic limit in torsion. . . 
Maximum twisting moment . . 
Number of turns of specimen between 
Outside fiber stress at elastic limit 


Apparent outside fiber stress as calculated from maximum twisting moment . 


jaws at fracture 


Angle of twist between 7,200 in. lbs. and 14,400 in. lbs. 


19,800 in. lbs. 

82,530 in. lbs. 

. 24-3 
. 12,600 Ibs. per sq. in. 
52,500 lbs. Per sq in. 




















1° 24! 20! 
Shearing modulus of elasticity between 7,200 in. Ibs. and» 14,400 in. Ibs. 11,200,000 
Average number of turns of specimen per foot at fracture . ‘ 3.80 
TORSION TEST. 
Specimen, Swedish Iron. Date, December 5, 1895. 
re a Correctep | ANGLES ae : 
a ScaLe READINGS. MgaN. | CORRESPONDING. DIFFERENCES. | 
we |___ pes a Angle of 
ae twist. | REMARKS. 
$&| Power | Scale |Power| Scale | | Power | Scale | Power | Scale 
: end. | en end. | end, | & end. | end. end. 
& . a " | lormiormwmlorw'iornwl|orem 
10,800 58.80 | 58.80 65.47 63.49 49-44 | S7-2B.|$,.35,.G0 | 6, $8.40) 00 oe ce [os cecce | os cee oc . 
14,400  44.20/ 44.19 56.72 | 56.73 | 34.83 | 48.46 | 3,599 10| 5,32, 10| 1,39, 40 0, 59,30] 0, 40, ro | At 25,200 in. lbs. load 
16,200 | 37.82 | 37-82 | 53.11 | 53-11 | 28.48 | 44.85 | 3,15,20| 5, 7,30] 0, 43,50 0,24,40| 0,19,10| the scale beam 
18,090 | 31.50 | 31-52 | 49-78 | 49.80| 22.15 | 41.53 | 2,32, 10| 4, 44, 50 | ©» 43, 10 ° 9922, 40 O» 20, 30 | dropped. 
18,000 | 91.93 | 91.92 | 88.01 | 88.01 | 82.56 | 79. 75 | 9222) 40 | 9 3 40 | oi evoce| o oe 
19,800 | 86.03 | 86.01 | 85.09 | 85. 07 | 76.66 | 76.82 | 8,43, 0| 8,44, 0} brsni4d 0, 19, 49) ey 20, o| Specimen fractured at 
21,600 | 80.00 | 80.00 | 82.03 | 82. fe 70. 64 | 73:97! |? 2, 30 | 8, 23, 10 | 0, 40, 30 | 0, 20, 50| 0, 19, 40| power end jaw. 
23,400 | 74.09 | 74.10) 79.22 | 79.22 | 64.73 | 70.96 | 7122, 40) 8, 41 40 | Oy 39, 50 | 0, 18, 30| O, 21, 20 | 
25,200 | «see. | coors seve leewee| seeee | cones er ree ee . ] 





Distance from center of test piece to scale . . 
Reading of level of center of test piece on scale 
Height of center of telescope above center of test piece « ° 


Length of specimen between jaws . 
Dimension of cross section . . 


Length of specimen between telescopes . 


Elastic limit in torsion . 

Maximum twisting moment . 
Number of turns of specimen between 
Outside fiber stress at elastic limit 


Apparent outside fiber stress as calculated from maximum twisting moment 
Angle of twist between 10,800 in. Ibs. and 19,800 in. | 
Shearing modulus of elasticity between 10,800 in. lbs. and 19,800 in. Ths. 


Average number of turns of specimen 


jaws at fracture. | 


S. 


per foot at fracture . 


500. of 
power | ‘end, 3-90; scale end, 28.0/ 


2.00 in. 
60.00!" 

oS Te 23,400 in. |bs. 
ie ae 84,330 in. lbs. 
ee 22.3 
14,900 lbs. per sq. in. 
53,700 lbs. me sq. in. 
39 50” 

It 9700, 000 

3-32 
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TORSION TEST. 


Specimen, Swedish Iron. Date, December 10, 1895. 





moment 


Iwisting 


























é R ie | CORRECTED ANGLES | 7 
Scate READINGs. MEAN. Corrgsponpinc. | DIFFERENCES. ‘ 
= | al | Sue Angle of 
| | | p | twist 
Powerend. | Scale end. | Power | Scale ower Scale Power Scale 
| | end, end. end. end. end. | end. | 
‘ 2 t 2 | ov are oe 2 Et aw ww 
—_— a - : a 
88.62 88.60 | 86.06 86.07 | 79.25 77.80 | 9, 0,20 | 8, 50, 40 | $6 Gee ee f eb ete cof os 
74.60 74.60 | 75-07 75-07 | 65.24 66.81 | 7,26, 0 | 7, 36,40] 1,34,20] 1,14, 0 | 0, 20, 20 
62.92 62.92 66.34 | 66.34 | 53.56 58.08 | 6, 6,50 | 6,37, 30] 1,19, 10 | 0, §9,10 | 0, 20, 
53-20 53-22 59-59 | 59-58 | 43.85 51.32 5) % 40 | 5, 51, 40 | 1, 6,10 | 0, 45, 50 | 0, 20, 
45.27 45-27 54.68 54.68 36.11 | 46.42 4, 8,10 | 5, 18, 10 | 0, §2, 30 | 0, 33, 30 | 0, 19, 
38.10 38.10 | 50.40 50.40 28.74 | 42.14 3,17,20 | 4, 49, © | 0, 50, 50 | O, 29, 10 | 0, 21, 
31.03 31.05 | 46.26 | 46.26 21.68 38.00 | 2,29, 0 | 4,21, 10 | 0, 48, 20 | 0, 275 s0 O, 20, 30 
g0.13 go.12 | 90.40 go. 40 80.76 82.14 | 9, 10, 30 | 9, 19, 50 | sees | 
85.57 | 85-57 | 
| 


79-47 79-47 
73.20 73.22 | 82.41 82.40 63.85 
67.01 67.01 | 79.18 | 


88.77 88.77 76.21 | 80.51 8,49, 0 | 9, 8,50 | 9, 30, 30 | 0, 11 1, ° °, 19, 3 
| 77-40 | 7,59, 9 | 8, 48, 0 | 0,41, 0 | 0, 20, 50 | 0, 20, 
| 
| 


70.91 | 6, 34,40 | 8, 4,20] 0, 42, 0 | 0, 21, 40 | 0, 20, 


Piece rested for two hours. 


74-14 7, 16,40 | 8, 26, 0 | 0, 42,20 | 0,22, 0 | 0, 20, 20 
4 | 





72.88 2.88 79-99 | 79.88 63.52 | 71.63 | 7, 14,20 | 8,09, 10 | .. 22. «+ | oe eee oe | 

67.30 | 67.32 77-26 | 77-25 57-95 | 69.00 | 6, 36, 40 | 7, 52,30 | 0, 38, 40 | 0, 21,00 | 

60.98 61.00 2 74.10 | 51.63 | 65.85 | 5, 53,40 | 7,30, 10 | 0, 43, 00 | O, 20, 40 | 

Piece would not hold load. 

Distance from center of test piecetoscale . . . . 1. 1. 2. 2 ee eee 500.07’ 
Reading of level of center of test piece on scale . .. . . . . powerend, 3.90; scale end, 2.80’ 
Height of center of telescope above center of test ned wht: db. 48 Se rea 5.46" 
Length of specimen between jaws . . . . . Lo 4 6 oe we we 5.00" 
Dimension of cross section . ie ae ke eee ae. ae Sra 2.00 in. dia. 
L ength of specimen between telescopes C8 Be ee ee Ee Foe oe 60.00" 
Elastic limitin torsion . . . ee ee ae a ee ee ee ee ee 23,400 in. lbs. 
Maximum twisting moment. . . ST ae tar ee ae et ee 84,960 in. lbs. 
Number of turns of specimen between j jaws Meteectinee bs, var vo oa 18.1 
Outside fiber stress at elastic limit. + « « 14,900 Ibs. per sq. in. 
Apparent outside fiber stress as calculated from maximum twisting moment . . . 54,100 lbs, per sq. in. 
Angle of twist between 1,800 in. Ibs. and 7,200 in. lbs. Ser dee 4 120 40" 
Shearing modulus of elasticity between 1,800 in. lbs. and 7,200 in. lbs. . Cera pur 11,700,000 


Average number of turns of specimen per foot atfracture . . . . . » « + + 2.90 
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Specimen, Bessemer Steel. 


TORSION TEST. 


Date, December 16, 1895. 








19,800 

















ss CorRECTED ANGLES 
ScALE READINGs. MEAN | ConresPonDInc. DIFFERENCES. 
_ mia ae RIL APES 1a nae Angle of | 
twist. | REMARKS. 
Power end | Scale end. Power| Scale | Power | Scale | Power | Scale ’ 
end. | end, | end. end. | end. | end. | 
| 
: P : . | ornlornrionwlorn or. 
| | ] | | | | 
92.58 | 92.58 | 90.10 | 90.10 | 83.58 82.20 | 9, 29, 20 | g, 20, 10 Jsoe .. 
60.68 | 60.67 | 70.73 | 70.71 | 51.68 | 62. 82 | 5,54, 917, 9,40 3, 35,20 2, 10, 30 1, 24, 50 | At 19,800 in. lbs. load the 
88.32 | 88.30 | 84.69 | 84.69 79-31 | 76.79 |9, 0,50) 8,43,50| «.-- ++ | scale beam dropped. 
60.97 | 60.97 | 69.83 | 69.83 | 51.97 | 61.93 | 5,56, 97, 3,40) 3, 4 50 1540, 10 1524 40 | 
88.01 | 88.01 | 84.60) 84. 59 | 79.01 | 76.70 | 8, 58,50 8, 43,20) .. «+. «> +» | Specimen fractured at 
61.20 61.19] 70.25 | 70.27 | §2.20 | 62.36 | 5,57,40 7, 6,30/ 3,01, 10) 1536 50 :, 24, 20 power end jaw. 
89.13 | 89.15 83. 77 | 83-76 | 80.14 | 75.87 | 9,13, | 8437,40) +. eee oe ay 
63.68 |63.70| 70.87 | 70.87 | 54.69 | 62.97 | 6, 14,50/ 7, 10,40| 2,58, 10/1, 27, ° 1, 31 10 | 
88.62 | 88.64 85. g0 | 85.90 | 79.63 | 78.00 | 9, 3, 0) 8,52, 6) ce eee ee | oe wee ee oe | 
76.37 | 76.39 | 79. 2-96 |79- 95 | 67-38 | 72.06 | 7, 40, 30| 8,12, 0} 1,22, 30/0,40, 0 rf 42, 30 | 





Distance from center of test piece to scale. 
Reading of level of center of test piece on scale. ; 
Height of center of telescope above center of test piece . 
Leng th of specimen between jaws ee . 
Dimension of cross section. . 

Length of specimen between telescopes 
Elastic limit in torsion . % 
Maximum twisting moment > . 
Number of turns of specimen between j jaws at fracture . 
Outside fiber stress at elastic limit 


Apparent outside fiber stress as calculated from maximum n twisting moment . 
Angle of twist between 1,800 in. ]bs. and 9,000 in 


bs. 


. power end, 


Shearing modulus of elasticity between 1,800 in. lbs. and 9,000 in. Ibs. 
Average number of turns of specimen per foot at fracture 


500.0" 
3-90; scale end, 2.80" 


1.50 in, dia. 
40.00" 

18,000 in. Ibs. 

44,460 in. lbs. 

10.5 

27,200 lbs. per. sq. in. 
67,100 lbs per. sq. in, 
2° 49 30” 
11,700,000 

2.14 
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TORSION TEST. 


Specimen, Bessemer Steel. Date, March 5, 1896. 























CorrecTep | ANGLES | | | 
ScaLe READINGS. | Mean. | CORRESPONDING ;.| DIFFERENCES. | 
TE 1 -.<casictsnachsnsisha le iceeatiel taal alae manta ‘catia teks danemtaiaaadens wa Angle of 
= | Ra | 
| | Singer | twist. REMARKS. 
2 Power end. | Scale end. | Power Scale | Scale | Power } Scale | 
: end. | end. | end. end. end. end. 
es : iP u oe we ies we her ek ar a ov. 
1,800 | 92. 86.88 | 86.89 | 83.22 | 78.98 | 9,27, 0/8, 58, 30] .. -+.» Per Pare err rary 
5,400! 54 62.30 | 62.30| 45.89 | 54.40 | 5,14, 40 6, 12, 30] 4, 12, 20 | a o| 1, 26, 20 | At18,oo0in. lbs. load the 
5,400 | 94. 81.39 |81.40| 85.22 | 73.49 | 9, 40, 20| 8, 21, 40] «. w0e oe Pe Ts er ae scale beam dropped. 
),000 | 57- 57-10|57.10 48.10 | 49.20 5,29, 40 5,37, 10! 4, 10, 40 3144» 30 1, 26, 10 
9,000 | 8g. 78.82 | 78.82) 80.94 | 70.92 | 9,11, 40/8, 4,20] ...--. 


12,600 | 58. 59-74 |§9.72| 49.10 | 51.83 | 5.36, 30 | 5,55, 103,35, 10| 2, 9 10| 1, 26, 0 


12,600 | 93. 84.90 | 84.89) 84.80 | 76.99 | 9,37, 30| 8, 45, 10] 6. ee. oe | eee @ 6s os 
16,200 | 65.5 59 | 69.40 | 69.39| 56.59 | 61.49 | 6,27, 30/7, 0, 40| 3,10, 0| 14, ‘b 30 rs 25, 30 
16,200 | 93 .60 | 88.94 | 88.94! 84.60 | 80.04 | 9,36, 10/9, 8,10 aa eee de Gee ov 
18,000] seve] sooee| coos Coe] veces | veees Pe aaa oe | Coden Kol Kel eens 











Distance from center of test piece to scale 


500.0 
Reading of level of center of test pieceon scale . . ..... "power ¢ end, 3.90; scale end, 2.80’ 
Height of center of telescope above center of test piece. . . . . . 5.107" 
Length ee IS is cc se ke ee ee eae 59.1" 


Dimer nsion of cross section . 


Fane 7 1.50 in. dia. 
Length of specimen between telescopes ae tet ak ee ao or aera ~ 40.00" 
Elastic limit in torsion. yar a ee a + in ee 16,200 in. Ibs. 
Maximum twisting moment . ns a 45,000 in. Ibs. 
Number of turns of specimen between j jaws at fracture ek oe I 
Outside fiber stress at elastic limit. Soee ea sat te 24) 400 Ibs. per sq. 
Apparent outside fiber stress as calculated from maximum twisting moment . . . 67,900 lbs. per sg. in. 
Angle of twist between 1,800 in. Ibs. and 12,600 1. Ibs. er fae oer 4° 18° 30° 
Shearing modulus of elasticity between 1,800 in. |hs. and 12, 600in. Ibs. 1... 11,500,000 
Average number of turns of specimen per foot at fracture. . . . ..... 2.68 


TORSION TEST. 


Specimen, Bessemer Steel. Date, March 10, 18096. 





CORRECTED | ANGLES 














< | Scare Reapincs. +| ~~ Megan. | CorRgsPponpING.| DIFFERENCES. 
we aa ae | Angle of | 
ES | | | twist. | REMARKS. 
3% = | Power end.| Scale end. |Power Scale| Power | Scale | Power Scale | 
3 end. | end. end. | end. | end. | end. | 
a : 3 , =] Jormjlornvlormlornulorn| 
ated “on as | 
1,800 | 91.34 | 91.36 | 88.88 | 88.86 | 82.35 | 80.97 |9, 27, 10] 9, 12, |. oo. ce] covccee| oo coe ve | 
5,400 | 54.94 | 54.93 | 65.01 | 65.02 | 45.93 | 87.11 | 5,15, 0| 6,31, 0/4, 6, 10 | | 2940 ©| 1 ,25, 10 | At 19,800 in. Ibs. load the 
§,400/ 81.42 | 81.42 | 81.85 | 81.85 | 72.42 | 73.95 | 8,14, 30| 8, 24, 50) «. -- Cada x5 eae scale beam dropped. 
9,000 | §1.83 | 51.85 | 64.68 | 64. 6 42.84 | 56.77 | 4,53, 50 6, 28, 40 3,20, 40 I 5 56,1 10| 1, 24, 20 | 
),000 | 85.60 | 85.62 | 80.30| 80.28] 76.61 | 72.39 | 8, 42, 40| 8, 14, 20]. ... .eeeee| oe eee ee | Specimen fractured at 
12,600 | 58.29 | 58.30 | 65.54 | 65.54| 49-29 | 57-64 | §2 37» 50 6434) 30/3, 4 ft 1,395 99| 1,25, 0 | power end jaw. 
12,600 | 87.30 | $7.28 | 83.21 | 83.20| 78.29 | 75.30 | 8,54, 0] 8,32, 50]. me} bwees mf ae hea 


14,400 | 75.00 | 75.00| 77.20| 77.20| 66.00 | 69.30 | 7, 31, 10] 7 53, 30| 1, 22, 2, 50 | 0, 40, 20| O, 42, 30 
16,200 | 62.40 | 62.41 | 70.98 | 70.96 | 53.40 | 63.07 |6, 5, 50 | 7s II, 20 | 1925920) O, 42, 10} O, 43, 10 
18,000 | 49.69 | 49.69 | 64.50 64.50 | 40.69 | 56.60 | 4,395 10 | 6, 27, 30 | 1, 26, 40| 0, 43, 50/ 0, 42, 50 








19,800| ..... seve | eoees| ceeee J veeee eva wade ashe Sci heen se ous | 
Distance from center of test piecetoscale . . . 2. 2. e+ 2 2 es we eee 500.0"" 
Reading of level of center of test pieceonscale ..... =. . power end, | 3- 90; scale end, 2.80" . 
Height of center of ‘telescope above center of test piece. . . . . 1. ss - 5.1 
Length of specimen between jaws . . . ee ah Ok 6k Oe Se 58 
Dimension of cross section . oe ek Se ee Oo) Seles 1.5 in. dh, 
Length of specimen between telescopes er er te ee ene ee ta a ye 40.0" 
Elastic limit in torsion. ee Se ee we 8 ee Se eee 18,000 in. Ibs. 
Maximum twisting moment . ; Sk a ee ee 44,920 in. "lbs. 
Number of turns of specimen between jaws tanta sho Gee Be “4 
Outside fiber stress at elastic limit. ore . + « 27,200 Ibs. per sq. i 
Apparent outside fiber stress as calculated from maximum staat moment. . . 67,800 lbs. per sq. in. 
Angle of twist between 1.800 in. lbs. and 12,600 in. lbs. . e 6 € 4° 14! 40!" 
Shearing modulus of elasticity between 1,800 in. lbs. and 12, Renee IO c. 52%. <3 11,700,000 


Average number of turns of specimen per foot at fracture. . . of age). 2.22 
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TORSION TEST. 
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Specimen, Composition. Date, March, 19, 1896. 
; | CorrECTED ANGLES | 
< ScaLe READINGS. | _ Mean. controti DIFFERENCES. 
we @ 2 Angle of 
BE Scale | | twist. REMARKS. 
@ & | Power end. | Scale end. Power| Seale Power Power | Scale | 
E end. | end. | end. end. end. | end. 
i , 2 t | | | rwjormlorml|ormi|ornew 
goo | 91.63 | 91.63 gs, 70 ls. 70| 82.63 | 77.80 | 9, 23, 0/8, 50,40 | .. «+. -- «+ | 85% copper, 7% spelter, 
1,800 | 84.56 | 84.57 | 82. 23 | 82.23 | 75.56 | 74-35 |8, 35,40 | 8, 27,20 | 0, 47, 20 0, 23, 20 | 0, , 24, o | 8% tin 
2,700 | 78.63 | 78.64 | 79.88 | 79.8 88 | 69.64 | 71.98 | 7,55, 40/8, 11,30 | 0,40, © | 0, 15,50 | O, 24, 10 | 
wy va 70.90 | 70.92 | 76.00 | 76.00] 61.91 | 68.10 |7, 3,40|7,45,20/0,52, 0 lo, 26, 10 | 0, 25, so At 6,300 in. Ib, load the 
4,500 | 61.20| 61.20) 71.11 | 71.12] 52.20 | 63.22 | 5, 57149| 7) 12, 20/1, 6, 0 lo, 33, ©| O, 33, , pp. 
5,400 | an 20| jae 18} 4 ie so 65.50| 37.19 574 60 4 15s 10 | 34,20 | 1, 42,30 |0,38, O| 1, 4, Pee | Fractured 8” from 
6,300 |eonee] coves re ee ee ee power end jaw. 
| | | ‘| | | = - 
Distance from center of test piece to scale 500.0!? 
Reading of level of center of test piece on scale ‘ 6 é - power ¢ end, 3.90; scale end, 2.80!" 
Height “of center of telescope above center of test piece. ‘ 5.10! 
Length of specimen between jaws. . . . 28.0!" 
Dimension of cross section. . . a oe 1.52 in. dia. 
Length of specimen between telescopes 20.00!" 
Elastic limit in torsion 4,500 in. lbs. 
Maximum twisting moment. . . e % 23,130 in. lbs. 
Number of turns of specimen between j jaws at fracture . ae oe 3.6 
Outside fiber stress at elastic limit : + «+ «+ 6,530 Ibs. per sq. in. 
Apparent outside fiber stress as calculated from maximum twisting moment . 33,500 lbs. per sq. in 
Angle of twist between goo in. lbs. and 2,700 in Ibs. . 0° 48! 10! 
Shearing modulus of elasticity between goo in. Ibs. and 2 ,700 in. Ibs. ‘ 4,810,000 
Average number of turns of specimen per foot at fracture . ue eee 1.54 
TORSION TEST. 
Specimen, Composition. Date, March 23, 1896. 
| CorrECTED ANGLEs | | | 
& | Scare REAapInNGs. MEAN. |CorRRESPONDING.| DIFFERENCES. | | 
we ees | Angle of 
89 | | | | twist. REMARKS. 
% © | Power end.| Scale end. |Power Scale} Power | Scale | Power Scale 
ES | end. | end. | end. | end. end. end. 
ies 2 I J CARN OORT OPW NOTED OF WR 
720 | 92.90 a he ts. 85.09 9,31)30| 9139 ‘el terse ee lee eee ce | *e | 85% copper, 7’ % spelter, 
1,440 | 85.68 | 85.70 | 88.55| 88.55 | 76.60 | 80.65 43,10) 9, 9, 50 |0, 48, 20 | 0 29, 40 | 0,1 18, 4° | | 8% tin. 
2,160 | 74.40 | 74.40 | 80.05 80.05 | 65.40 | 72.15 |2»27> 10| 8,12, 40/1, 16, o|0, 57, 10| 0, 18, 50 
2,880 | 65.60 | 65.60 | 73.95| 73-96 | 56.61 | 66.06 | 6,30, 0/7, 31,30| 0, 57, 10 |or4ts 10| 0, 16, © | At 6,480 in. lbs. load the 
3,600 | 56.88 | 56.90 | 68. 10| 68.09 | 47.89 | 60.19 | 5, 28, 20 | 6, 51, 50] ty 1, 40 | , 3% 40| 0, 22, 0 scale beam dropped. 
49320 | 49.42 | 49.43 63 .68| 63.67 49.42 | 55.77 4,37, 20| 6, 21, 5§0|0,51, 0|0,30, 0, 0,21, 0 
5,040 | 41.70| 41.70] 59-59] §9-57 | 32-70 | 51-68 | 3, 44, 30| 5,54, 0/0, 52, 50 a: 27,50| 0, 25, © | Specimen fractured at 
5,760 | 31.64 | 31.64] 55. 00} 5§.01 22.64 47-10 | 2135) ” 5922150 sol ° | 03% 10 | 0, 37 so power end jaw. 
4 been banne 89.94] 89.92 | ---+. | eee. cocele ab + 000 00 | 
6,480 | 2.0.00. aalen coe] ceeee Soke] esicsiy feu eseree Locales 
| | | |" — 
Distance from center of test piece to scale 500.0!" 
Reading of level of center of test piece on scale - power end, 3-90; scale end, 2. 80” 
Height of telescope above center of test _— 5.10!" 
Length of specimen between jaws ‘ : 27.00" 
Dimension of cross section. . ‘. 1.51 in, dia. 
Length of specimen between telescopes 20.00!" 
Elastic limit in torsion 5,040 in. Ibs. 
Maximum twisting moment z 28,800 in. lbs. 
Number of turns of specimen between j jaws at fracture 5.0 


Outside fiber stress at elastic limit 


Apparent outside fiber stress as calculated from maximum twisting moment 


Angle of twist between 720 in. Ibs. and 2,160 in. Ibs. . 


Shearing modulus of elasticity between 720 in. lbs and 2, ‘160 in. Ibs. 


Average number of turns of specimen per foot at fracture 


7,460 Ibs. per sq. in. 
a 600 Ibs. per sq. in. 
Re tke ls : Po 37’ 307 
iPaper 7 5)210,000 
— es 2.22 
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TORSION TEST. 
Specimen, Brass. Date, March 25, 1896. 




















2 qa | CORRECTED ANGLES | 
- ScaLe ReapINGs. | Mean. Corresponpinc.| DIFFERENCES. | 
we ee ee pe = SE ee eee Angle of 
32 Power | Scale lpowed Scale | Power | Scale | Power | Scale | ‘™'* seeenens 
B | | a | 
Fy end. | end. | end. 9 end. end. | end. end. 
= 2 I a — lor mi\ormliornwlorw\or ww 
| | | | | 
720| 91.03 | 91.03 | 88.33 | 88.31 | 82.03 | 80.42 19,19, 0/9, 8,10) weer ee | eevee ee | oe cee ee 
1,440 $9 | 77-91 | 78.12 | 78.11 | 68.90 | 70.22 | 7,50,40 8, 0,20! 1, ,28, 20| r, 3, 7 50] 0, 20, 30 65% copper, 
2,160 | 64.33 67.62 | 67.62 | 55-34 | 59-70 | 6,19, 0 6, 48, 30| 1,31,40| 1,11, 50] 0, 19, 50 | 35% spelter. 
§7-20| §7.20 | 62.26| 62.28] 48.20 | §4.37 | 5) 30, 20 | 6, 12, 20| 0, 48, 40 | 0, 36, 10] 0, 12, 30 
2,880 | 50. 46| 50.48 | 57-70 57-70} 41.47 | 49-80 41 44) 39 | 5,41, 20| 0, 45,50/0,31, | 0, 14, 50| Specimen fractured at 
3,240 | 42.65 | 42.06 | 52.55 | 52. 57 | 33-66 | 44-66 | 3,51, 0/5, 6, 10) 0,53, 30|0,35,10| 0, 18, 20| center. 
3,600 | 32.81 | 32.80 | 46.40 | 46.39 | 23.8 t | 38.50 2, 43,35 | 4,24, 10| 1, 7,25] 0,42, 0] 0, 25, 25 | 





3,960 | g1.§2| 91.51 | 88.71 | 88.70| 82.52 | 78.80 | 9, 22,25 | 9, 10, §50| .. €e fags vas &6'] oe Ons 00 





4,320 69.15 | 69.13 | 81.10 |.81.16 60.34 | 93.30 6,31, 30 | 8, 19, 20/ 2, 50,55 ©; 495 30 | 2, 1,25 
4,080 | 26.73 | 26.75 | 68.75 | 68.77 | 17.74 | 61.80/12, 2, 0/7, 2,40] 4,29, 30| 1, 16,40] 3, 12, 50 | 
| } 

Distance from center of test piece to scale . . . 1... ss. off 
Reading of level of center of test piece on scale . . Pee a power ‘end, 3-90; scale walt, 2. Sot 
Height of center of telescope above center of test piece L000 ‘Seca 5. 10!" 
Length of specimen between jaws. . . . . . a oe ee ee a GY 28.00 
Dimension of cross section . . ee ee ae ae eae ye 1.51 in. Sia 
Length of specimen between telescopes . ca - s y, ee 8 eee eee 20.00! 
ON ee eee eae eee eee ee ee 3,600 in. Ibs. 
Maximum twisting moment . . at ea ee oe Pee 17,460 in. re 
Number of turns of specimen between jaws at fracture. . . s ae es 4 
Outside fiber stress at elastic limit. . «  §,220 lbs. per sq in 
Apparent outside fiber stress as calculated from maximum twisting moment. . 25,900 lbs. Ly sq. in. 
Angle of twist between 720 in. Ibs. and 2,520 in. lbs. . ‘4 a Gs tegen 52! sof? 
Shearing modulus of elasticity between 720 in. lbs, and 2,520 in. Ibs. eae 4,580,500 
Average number of turns of specimen per foot at fracture. . . ..... 1.50 


TORSION TEST. 


Specimen, Bessemer Steel. Date, March 26, 1896. 














“ 7” — : | CORRECTED | ANGLES Hive — 

= ScaLE READINGS. | Mean, Corresronpinc,| DIFFERENCES. | 
we - in : | Angle of 
PE | : 
£6 f : | a twist. REMARKS. 
%&| Power Scale ee Scale | Power Scale | Power | Scale 
S | i 2 pie end end end end 
3 | end, end. |-end. | end. end. end. end. ‘ 
- | ‘ . hem r.” smwiorvew rw 

} 1 2 I 2 

1,800 | 91.85 ‘ 45 | 78.44 | 82.85 | 70.54 | 9,24, 20/8, 1,50] -. coc ee| co ceece | os coe oe 
3,600 | 73.10 73.10 | 65.90 | 65.91 | 64.10 | 65.90 | 7, 18, 20 | 6, 39,40 | 2, 6, 0| 1,22,10) 0, 43, 50 | At19,800in. lbs. load the 
5,400 57.3 56.62 | 56.62 | 48.35 | 48.72 | 5,31,20/ 5,34, 9. 1,47, | I, 5,40) 0,41,20| scale beam dropped. 
75200 | 42. 3.22 | 48 22| 33.76 | 40.32 | 3, 51,45 | 436, 40 | 1, 39,35 | 0,57, 20| 0, 42, 15 
g,000 | 27, 39-60 | 39.60 | 18.98 | 31.70 | 2, 10, 30 | 3, 37, 40 | 1, 41,15 | 0,59, O| 0, 40, 15 | Specimen fractured at 


-00 | 89.98 | 84.79 | 82.09 


| Qs 37s 32 | Dy 1Qy BO] oe coe co | cover ee | oe cee oe power end jaw. 
80 | 81.80] 68.55 | 73-90 | 7,48, 30 | 8, 24,25] 1,49, © 0 85s 5 0, 53) 55 

37.30 | 87.30] 85.09 | 79.40 | 9,39, 30/9, 1,40] «2 ee. ee e} ce ee ec 

80/79.79| 71.36 | 71. oe 8, 7,20/ 8, 12,30] 1,32,10 °, 49, 10| 0, 43, 0 

60 | 72.60} 57.91 6, 36, 20 | 7,22, 20| 1,31, 0} O, 50,10) 0, 40, 50 | 

72 | 65.70! 44.78 5» 7» ©|6,35,40 see 0, 46, 40 | 0, 42, 40 | 


I 
I . 
14,400 | 66, 

16,200 | 53. 
I 
I 








5,000 | 41.58 | 41.60 | §9.67 59.66 | 32.59 3, 43,49 | 5, 54,40 23,20| 0,41, 0} O, 42, 20 | 
QyBO0 | oor ee | seven] covcclevees| coeee oocee | ce ee ce | oe eee Ce cee ce | coves ce | 0 oe ce 
Distance from center of test piece to scale . . . 1... eee , 500.0!" 
Reading of level of center of test piece on scale . . i eee % power end, 3-90; scale end, 2.80!" 
Height of center of telescope above center of test piece ee ee 5.10/? 
Length of specimen between jaws. . . . . . ae oe ee a oe 58.0! 
imension of cross section . . ee eS Roe om, ee oe eee 1.50 in. dia 
Length of specimen between telescopes . Be rer dee ar) ht Fa ae, a ees 40.00!" 
DR eS a a a ee ee er ee 18,000 in. Ibs. 
Maximum twisting moment ray ay ae ue eee 45,540 in. Ibs. 
Number of turns of specimen between jaws BB TIAN 80 eed cha 1S 11.4 
Outside fiber stress at elastic limit . Te + « 27,200 Ibs. per sq. in. 
Apparent outside fiber stress as calculated from maximum twisting moment. . 68 8,700 lbs. per sq. in. 
Angle of twist between 1,800 in. Ibs. and 9,000 in. Ibs. . Skee ein 2° 40f 40! 
Shearing modulus of elasticity between 1,800 in. lbs. and 9,000 0 ae 11,700,000 


Average number of turns of specimen per foot at fracture. . . . .... 2.36 
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TORSION TEST. 


Specimen, Swedish Iron Bar. Date, March 27, 1896. 














< CorRECTED ANGLES 
& | Scare REApINGs. Mean. |Corresponpinc.| DIFFERENCES. iia ‘I 
e | ngle o 
be 
ES | | twist. | REMARKS. , 
Se Power Scale Power Scale | Power | Scale | Power | Scale | 
: end. end. end. | end. | end. | end. end. end. | | 
e : ye 2 ormlormlorml|ormwlonr wm | 





| ae | 
3,600 | 93.46 | 93-46] 91.11 | gt.18 | 84.10 | 82.85 | 9,32, 50] 9, 24,30] eo eee oo | oe vee ee “ é 
7,200 | 72.10 | 72.10] 75.69 | 75.69 | 62.74 | 67.43| 7, 9,10] 7,40, 50| 2,23, 4| 1,43, 40 , 40, o | At25,200 in. Ibs. load the 
10,800 | 54.10 | 54.10 | 63.60 | 63.60 | 44.74 | 55-34| 5, 6, 50|6,19, 0| 2, 2,20] 1,21,50| 0, 40,30| scale beam dropped. 
14,400 | 40.40 | 40.40] 55.69 | 55.68 | 31.04 | 47.42 | 3133, 10] 5,25, °| 1,33, 49] 0,54, ©] 0, 39, 40 | : 
18,000 | 28.11 | 28.11 | 49.14] 49.17 | 18.75 | 40.88] 2, 8,50/| 4,40, 30| 1,24, 20] 0, 441 30 0, 3 3% s° | Specimen fractured at y 
18,000 | 94.00 | 94.00 | 88.84 | 88.85 | 84.64 | 80. 59 | 9, 36, 30/9, 9,20] +. ++. + | oe vee + | power end. jaw. 
19,800 | 97.60 | 87.60/ 85.45 | 85.45 | 78.24 | 77-19 | 8, 53, 40 | 8, 46, 30] 0, 42, 50| 0, 22, 50 0, 20, ‘o| 
21,600 | 81.60 | 81.60 | 82.45 | 82.45 | 72.24 | 74.19 | 8, 13, 20 8, 26, 20 | 0, 40, 20 | 0, 20, 10] 0, 20, 10 | 
79-78| 79-78 | 56.52 | 71.52 | 7,34,20|8, 8,30] 0,39, 0| 0,17, 50} 0, 21, 50 | 












































25,200} - seer} eevee] veces] veces | coves | secs | oo cee ee | oe cee ce] ov 04 00 | te serene | oe wee oe 

| | | | | 

Distance from center of test piece to scale . . 1. 1. 1 we ew ee 500.0!" 
Reading of level of center of test piece on scale . . ... =. « power rr 3-90; scale end, 2.80/" 
Height of center of telescope above center of test piece. . . . . . . . . 5.46! 
Length of specimen between jaws. . . 2. 2. 1 2 1 ee se ee ee 79.00!" 
Dimension of cross section . . . Po we eee A eee eee 2.02 in. dia. 
Length of specimen between ihnenagee a ee ee ee ee 60.00!" 
NU ET ou gee ighhgiiha) oi ig) Selb wy ew el 23,400 in. lbs. 
Maximum twisting moment . . . . “OF er ye ter ie at ee ee ame Pe ee 82,350 in. lbs. 
Number of turns of specimen hevmenn 5 jaws at fracture. . 2 1 1 1 2 21.0 
Outside fiber stress at elastic limit ...... + + + «© «© © « « 44,300 Ibs. per sq. in. 
Apparent outside fiber stress as calculated from maximum = tables moment . 50,400 lbs. per sq. in. 
Angle of twist between 36,000 in. lbs. and 18,000 in. Ibs... . 1 1 ew eee 2° 40/ off 
Shearing modulus of elasticity between 36,000 in. lbs. and 18,000 in. Ibs. . . . 11,300,000 
Average number of turns of specimen per foot at fracture. . , . «+» « « 3-19 
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Date. 


ROPE TESTS. 





Specimen. 


Circumference. 


(Inches. ) 


Number of strands. 


Size. 


Feet per pound. 





Turns per foot. 


Method of holding. 





1895. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


Oct. 
Oct. 
Nov. 
Nov. 
Nov. 


Nov. 
Nov. 
Nov. 
Nov. 
Nov. 


Nov. 
Nov. 
Nc Vv. 
Nov. 
Nov. 


Nov. 
Nov. 
Nov. 
Nov. 
Nov. 


Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 


18 


Mar. 


Mar. 
Mar 
April 


- 
o 
‘ 
Bt 


COU oe om 


& 


30 


Ot 


It 
13 
14 
15 
18 
19 
20 


20 


Nuun bv 


ee) 


+ WN 


10 
II 


. 23 


, 26 


. 30 


30 
31 
I 


Manila. 
Manila. 
Manila. 
Manila. 
Manila. 


Manila. 


American hemp. 


American hemp 
Russian hemp. 
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Eye splices. 
Eye splices. 
Eye splices and bowline. 
Eye splices. 
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Eye splices. (Not tapered.) 
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Eye splices. 
Eye splices. 


| Eye splices. 
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Eye splices. 
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Lye splices. 
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Dry. 
] Dry. 
Dry. 
Drv. 


Dry. 
Dry. 
Dry. 
Dry. 
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Dry. 
Dry. 
Dry. 
Dry. 
Dry. 


Dry. 
Dry. 
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Dry. 
Dry. 


Dry. 
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Dry. 
Dry. 
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Dry. 
Dry. 
Dry. 
Dry. 
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Dry. 
Dry. 
Dry. 
Dry. 
¥ Dry. 


Dry. 
Dry. 
Dry. 
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Dry. 


Dry. 
Dry. 
. Dry. 
Dry. 
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ROPE TESTS. — Continued. 





Condition. 


Location of break. 


(Lbs.) 


Breaking load. 


Remarks. 








Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 


Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 
Wet splices. 





Center. 
Splice. 
Bowline. 
Center. 
Center. 


Splice. 
Lower splice. 
Lower splice. 
Center. 
Center. 


Lower splice. 
Center. 
Center. 
Center. 
Upper splice. 


Center. 
Center. 
Splice. 
Splice. 
Lower splice. 


Upper splice. 
Center. 

Upper splice. 
Upper splice. 
Upper splice. 


Lower splice. 
Lower splice. 
Center. 

Upper splice. 
Upper splice. 
Lower splice. 


Lower splice. 
No break. 
Splice. 
Center. 
Center. 


Center. 

Upper splice. 
not. 

Knot. 

Knot. 


Knot. 
Knot. 
Knot. 
Knot. 
Knot. 





8,996 
10,136 
3,480 
99574 


5,829 


8,031 
7,220 
79354 
7,021 
5,252 


6,214 
5,980 
1,789 
1,986 
22,394 


24,551 
1,870 
49749 
7,206 
5,974 


6,876 
4,697 
4,098 
4,231 
5,637 


4,400 
6,465 
1,508 
4,648 
5,020 
6,331 


One strand slightly damaged before test. 


Maximum load = 1,831 Ibs. Specimen 
stretched beyond limit of machine. 


{ Uninjured ends of two broken specimens 
joined by square knot. 

Left handed overhand knot at center. 
Right handed overhand knot at center. 





Figure eight knot at center. 
Ordinary overhand tie at center. 
Open hand knot at center. 
Shroud knot at center. 
Weaver’s knot at center. 
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INVESTIGATION TO DETERMINE WHETHER DIPHE- 
NYLIODONIUM AND THALLIUM NITRATES ARE 
ISOMORPHOUS. 


By A. A. NOYES, Pu.D., anp C. W. HAPGOOD, S.B. 


Received June 15, 1896. 


THE great similarity in properties observed by V. Meyer! between 
the salts of thallium and diphenyliodonium, (C,H;),I-OH, made it séem 
not improbable that they might be also isomorphous with each other. 
The matter seemed worthy of investigation, as only a few such cases 
of isomorphous replacement of single atoms by complex organic rad- 
icals are known. 

According to the extended investigations of Retgers, by far the 
most reliable criterion of isomorphism is furnished by the power of 
the substances in question of forming homogeneous mixed crystals 
with the proportions varying continuously within wide limits. Con- 
sequently, the experimental method based on this principle as de- 
scribed by Retgers? was followed, chemical analysis and specific 
gravity determinations being employed to determine the character 
of the crystals separating from the solution. Preliminary experi- 
ments showed that the largest and most perfect crystals were ob- 
tained with the nitrates when crystallized from alkaline solution. 
Saturated solutions of thallous nitrate in water and of diphenyliodo- 
nium nitrate? in a moderately strong aqueous solution of the free 
base, diphenyliodonium hydrate, were therefore prepared, mixed with 
each other in crystallizing dishes in varying proportions, and allowed 
to stand in a vacuum desiccator till a sufficient quantity of crystals had 
separated. The solutions were mixed in the following proportions, the 
number of parts of the diphenyliodonium nitrate solution being given 





* Berichte der deutschen chemischen Gesellschaft, 27, 502, 1592. 

? Zeitschrift fiir ph ysikalische Chemie, 4, 593. ; 

3 Made as described by Hartmann and V. Meyer, Berichte der deutschen chemischen 
Gesellschaft, 27, 506. 
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first: 10:1.1; 10:2; 10:5; 10:6.7; 10:10; 10:15; 10:20; 10:50; 
and 10:90. 

The first crop from the last solutions consisted of two distinct 
kinds of crystals, one kind much lighter and the other much heavier 
than methylene iodide. In all the other cases only one kind of crys- 
tals, which were lighter than methylene iodide, was obtained. The 
specific gravity of these lighter crystals separating from each of the 
nine solutions was determined by the suspension method of Retgers,?! 
the value taken being that corresponding to the heaviest crystals of 
each lot. The results varied irregularly between 1.866 and 1.889. 
For the pure diphenyliodonium nitrate we found 1.868. For thal- 
lous nitrate Lamy? found 5.8. The lighter crystals were therefore 
in all nine cases practically pure diphenyliodonium nitrate. The 
heavier crystals from the last solutions were mixed together, dried 
at 100°, and analyzed by heating in a crucible with concentrated 
sulphuric acid and igniting. Two separate determinations showed 
them to contain 99.83 and 99.93 per cent. of thallous nitrate. 

Thus the two salts crystallize out separately from the solution 


in the pure state, not in the form of mixed crystals. They are 
therefore not isomorphous. 


1 Zeitschrift fiir physikalische Chemie, 3, 289. 
? Annales de chimie et de physique (3), 67, 409. 
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THE PRESENCE OF NITRITES IN THE AIR. 
By GEORGE DEFREN, M.S. 
Received May 9, 1896. 


It is well known that the atmospheric air contains besides its main 
normal constituents, oxygen and nitrogen, admixtures in varying quan- 
tities of not only carbon dioxide and aqueous vapor, but, especially in 
the neighborhood of cities, ammonia and various gases arising from 
industrial processes and resulting from the decomposition of animal 
and vegetable life. 

The amounts of the impurities in the air may be very small. 
Ammonia exists sometimes to the extent of one part in 1,000,000. 
Ozone is said to be produced by electrical discharges during storms, 
by the breaking of waves on rocks, and other causes.2 It has been 
shown ® that when ammonia and ozone unite in the air they form 
hydrogen peroxide, ammonium nitrite, and ammonium nitrate. _ It 
has also been observed* that rain obtained during thunder storms 
contained more nitrites and nitrates than ordinary rain, from which 
we conclude that electrical discharges have some effect on this com- 
bination. 

Aside from the above several investigations have been carried 
out to determine the origin of nitrites in the air and the possible 
effect of these nitrites on the human system. Boke® claims that 
when illuminating gas is burned the higher oxides of nitrogen are 
formed. W. V. Hoffmann® noticed that on combustion a gas was 
formed which had a reddish color and possessed an odor resembling 


? Mabery and Snyder: Jour. Am. Chem. Soc., 17, 105. 

2 Gorup V. Besanez: Ann. Chem. Pharm., 161, 232. 

3 Carius: Ber. deut. chem. Gesel., 8, 1481. 

4 Goppelsréder: Jour. f. pract. Chem. [2], 4, 139, 383; Smith: ‘On Air and Rain,” 
438; Bechi: Ber. deut. chem. Gesel., 8, 1203. 

5 Chem. News, 22, 57. 

© Ber. deut. chem. Gesel., 1870, 658. 
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that of nitrous acid. E. A. Greete and P. Zoeller showed! by a 
conclusive investigation that when absolutely pure hydrogen was 
burned in pure air the condensed water formed showed an appre- 
ciable quantity of nitrous acid by the use of Griess’ reagent. Ber- 
thelot? and Stohmann ? found that by the combustion of nitrogenous 
bodies nitrous, nitric, and hyponitrous acids were formed. Leeds,* 
Wurster,® and Wright® also found nitrous acid as a product of the 
combustion of illuminating gas. Louis Ilosvay de N. Ilosva* made 
extensive researches on the subject, and came to the conclusion that 
the higher oxides of nitrogen were formed, but that no ozone nor 
hydrogen peroxide could be obtained. The presence of hydrogen per- 
oxide in snow and rain® was due to other causes. Finally Alfred 
Von Bibra® investigated the question, and obtained considerable ni- 
trous acid when illuminating gas was burned. Mabery and Snyder? 
have recently determined the amounts of nitrites found in air in 
various localities. 

That headache and depression are experienced in crowded rooms 
is universally recognized, but the exact cause is not yet clearly de- 
termined. Formerly the presence of excessive carbon dioxide was 
supposed to be sufficient to account for the evil effects of bad air, 
but the researches of Hammond, Brown-Sequard and D’Arsonval,!! 
and Merkel™ claim the presence of a volatile organic poison in the 
fluid condensed from expired air. The results have, however, been 
contested by Dostre and Loye,! Russo Gilibert and Alessi,!* Hof- 
mann-Wellenhof,” Lehmann and Jessen,!® Bergey, Mitchell, and Bil- 





* Ber. deut. chem. Gesel., 1877, 21444. 

? Comptes Rendus, 89, 882. 

3 Jour. f. pract. Chem., 19, 142. 

* Am. Chem. Soc. J., 1884, 3; Chem. News, 49, 237. 

5 Ber. deut. chem. Gesel., 1886, 3202, 3206. 

® Chem. Soc. J., 37, 422; Chem. News, 41, 169; Chem. Ind., 1880, 207. 

7 Bull. soc. chem. d. Par., 1889, 2, 377; Ber. deut. chem. Gesel., 1889, 793. 
® Schone: Ber. deut. chem. Gesel., 7, 1695. 

9 Archiv f. Hygiene, 15, 216. 

70 Jour. Am. Chem. Soc., 17, 121. 

™ Comptes Rendus, 1888, 33; Société de Biol., 90, 99, 108, IIo. 

® Archiv f. Hygiene, 15, I. 

Comptes Rendus, 88, 91-99. 

™% Bolletino della Societa d’igiene di Palermo, 88, Nr. 9. 

*S Wiener Klinische Wochenschrift, 88, Nr. 37. 

%© Archiv f. Hygiene, 10, 267. 
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lings.1 The latter named investigators claim that the injurious ef- 
fects of air expired from the lungs appear to be due entirely to the 
diminution of oxygen or increase in carbon dioxide, or to a combi- 
nation of these two factors, and state that it is improbable that the 
minute quantity of organic matter contained in expired air has any 
deleterious influence on men who inhale it in crowded rooms. 

Even if no organic poison be exhaled from the lungs it is never- 
theless a fact? that mice placed in closed receptacles and forced to 
breathe the expired air from other mice quickly died, showing the 
presence of some harmful substance. In direct connection with this 
observation stand the results obtained by Falck,? Husemann,* Cha- 
rier,> Sucquet,® Desgranges,’ Eulenberg,® Purcell,? Schmitz,’ and 
Pott! on the poisonous qualities of nitrous acid. 

With the more delicate methods of determining nitrites it has 
been proved that they exist in the air of inhabited rooms; hence 
the question naturally arises, Could the presence of mz¢rites m the air 
exert any influence in causing the effects hitherto wholly attributed 
to the carbonic acid gas? Ilosvay™ claims that nitrites are exhaled 
from the lungs, and Wurster® and Cramer!* maintain that the ni- 
trites formed by the combustion of illuminating gas are the direct 
cause of the depressed feeling and uneasiness experienced in crowded 
rooms, while Riibner shows that the humidity and rise of tempera- 
ture possess an appreciable influence on the animal organism. 

Comparatively little attention has been paid to the quantity of 
nitrites present in the air of inhabited rooms, and directions for 
these compounds are not available for the general student. The 





* Report to Smithsonian Institution; Nat. Acad. Science, April 16, 1895; Science, New 
Series, 1, 481, 482. 

2 Merkel: Loc: cit. 

3 Lehrbuch d. prakt. Toxicologie, 1880, S. 64. 

4 Lehrbuch d. Toxicologie. 

5 Bull. de la soc. med. d’emulat, 1823. 

© Jour. d. méd., 1860. 

7 Jour. d. méd., T. 8. 

® Die Lehre von d. gift. Gasen, 1865, S. 251. 

9 Med. a. Surg. Report, 1872, p. 313. 

1 Berl. kl. W. Schr., 1883, S. 428; 1884, S. 335. 

 D. med. Woch., 1884, 29-30. 

2 Loc. cit. Ber., 798 c.; Bull. Soc. Chem., 388-391. 

13 Ber. deut. chem. Gesel., 1886, 3202, 3206. 

% Jour. f. Gasbeleucht. u. Wasserversorg, 1891, 65; Archiv f. Hygiene, ro, 321. 

158 Archiv f. Hygiene, 16, rol. 
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object of the work here reported was to show that nitrites do exist 
in the air in appreciable though small quantity, that the amount of 
nitrites is varying under varying conditions, and that they increase in 
the same manner and under like circumstances as does carbon di- 
oxide, thus indicating that they are products of combustion. 

That nitrites do exist in the air of rooms is evident from the 
fact that 100 cc. of pure water treated with a mixture of I cc. 
hydrochloric acid (1 : 4), 2 cc. sulphanilic acid, and 2 cc. naphthyl- 
amine hydrochlorate solution, and exposed to the air, rapidly takes 
on a deep pink color, due to the absorption of nitrites from the air 
by the water, forming a-naphthylamine-azo-benzenesulphonic acid. 
For this reason the various “standards” used in estimating the 
amounts of nitrites in water are always freshly prepared on making 
an analysis to prevent as much as possible any liability of error in 
the determination. 

The work described below was carried on in the Walker Building 
of the Massachusetts Institute of Technology. This structure has 
the reputation of being one of the best ventilated in the country, 
the air in the laboratories being completely changed once in seven 
minutes, so that some of the results obtained will be somewhat dif- 
ferent from those possible in places where not so much attention is 
given to obtaining a good supply of fresh air. 

The first experiment tried was to determine the rate of absorp- 
tion of nitrites by water in various laboratories. 100 cc. of redis- 
tilled water were placed in each of three porcelain evaporating dishes 
(15 cm. in diameter), which gave in each case a superficial area of 
water exposed to the air of about 95 sq. cm. These were then 
allowed to stand for specified times in a room, and the amounts of 
nitrites absorbed by the water determined in the usual manner. The 
redistilled water used was that employed by the Massachusetts State 
Board of Health in making its various standards for determining the 
amounts of ammonia, nitrites, and nitrates, thus insuring the freedom 
of the water from these substances. 

The absorption of nitrites by water in Room 36, Walker Build- 
ing, was first determined. During the day on which this experiment 
was carried on no water analyses were in progress. One gas burner 
had been in use a part of the morning. In the latter part of the 
afternoon two lamps were burning till after five o’clock. An appa- 
ratus for furnishing hot water, heated by means of gas, was put into 
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service at 3.30 p.m. and left burning till after five o’clock. In this 
room there were also, on an average, three persons employed during 
the day. 

The three porcelain dishes containing each 100 cc. of best redis- 
tilled water free from nitrites were placed side by side on a desk and 
exposed to the air for varying lengths of time, being then treated 
with the reagents named above —the depth of color produced by this 
means being compared to that of standard potassium nitrite solutions 
(I cc. containing .ooooce! gram nitrogen as nitrite) treated with the 
same reagents. 

An analogous experiment was tried in Room 38 of the same 
building. During the morning one lamp had been burning one hour. 
Work was carried on by three persons during various portions of the 
day —they, however, not requiring the use of any gas burners. The 
three porcelain dishes were placed in position on a desk at two 
o’clock in the same manner as in the preceding case. 

The third trial of the series was made with the air in Room 39. 
Four Bunsen burners had been in use all day, being turned out at 
five o'clock. Three students had been at work the greater part of 
the time, and at occasional intervals others were also present. The 
first two samples of water were placed in position at 2 p.m., and the 
third, which was exposed for seventeen hours, was placed in position 
at 4 p.M. The results of these series of experiments are given in the 
following table: 





Hours or Exposure. 





Room. Zs 2. 17. | 19. 





cc. equivalent nitrite solution. 





36 2.5 K Hs —_— 57.2 


38 3.5 8.5 —_— 72.7 
39 8.0 13.5 84.2 oe 








On examining the above results we notice the following: 


1. Even in the air of the best ventilated rooms where gas is 
burned nitrites exist. 

2. Water exposed undisturbed to the air absorbs nitrites there 
existing. 
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3. The amount of nitrites so absorbed increases in almost direct 
proportion to the time the water is exposed, being also dependent, 
however, on the nature of the work carried on in the room. 

4. On burning illuminating gas some of the nitrogenous constit- 
uents, though small in amount, are incompletely oxidized to nitrites. 

The investigation next carried out was to make a quantitative 
estimation of the nitrites by volume by a method similar to that usu- 
ally made use of in determining the quantity of carbon dioxide in 
the air of buildings. Two large bottles, the capacities of which were 
known, were placed side by side, and the air to be analyzed was drawn 
into them, using suction, one tube reaching nearly to the bottom of 
the bottle. They were then tightly closed with rubber stoppers and 
taken to the room where they were to be tested. 100 cc. best re- 
distilled water free from nitrites were then introduced, the bottles 
allowed to stand, with occasional shaking, for more than twelve hours 
—in some cases for as many as twenty-four hours — before analysis. 
The water was then tested for nitrites in the usual manner. — 

Two samples of air from Room 36 were taken at 3.30 P.M. 
Fifteen lamps had been in use for about two hours. Three persons 
were employed during the day in this laboratory. 

Two samples of air were also taken from Room 38 at nine 
o'clock in the morning. During the night preceding the room had 
been unoccupied, and no lamps had been in use up to the time of 
taking the samples. The bottles with 100 cc. water were allowed to 
stand until next morning and then analyzed for nitrites. 

Two samples of air from Room 39 were taken at the same time 
as the preceding under the same conditions. 

During the afternoon (at 3.30) two other samples of air were 
taken from this room in order to see whether any variation had 
taken place in the amounts of nitrites present. The samples were 
collected as in the previous cases. Eight Bunsen burners had been 
in use since 9 A.M., and were still burning at the time the air was 
taken for analysis. Three persons were employed in this laboratory 
during the day. 

The amounts of nitrites absorbed by the water were determined in 
the usual manner. To see whether all the nitrites had been absorbed 
from the air in these bottles a little nitrite-free water was introduced 
after the above test. This water gave only a very faint coloration 
when treated with Griess’ reagent, proving that. nearly all the nitrite 
had been removed. 
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The temperature of the air was 20° C. at the time the analyses 
were made, and the barometric pressure was 758 mm. 

The results obtained are as follows, the nitrogen equivalent being 
calculated as nitrous anhydride: 








a | bia bod pihiog car bottle. ce. of yo mr equiv- eer 3 in 
38 9 AM. 8,980 8.5 -0140 
38 9 AM. 8,870 8.3 -0138 
36 3.30 P.M. 8,980 19.5 0319 
36 3.30 P.M. 8,870 18.9 0315 
39 9 AM. 8,870 24.6 -0408 
39 9 AM. 8,320 25.7 .0456 
ay 3.30 P.M. 8,870 43.2 -0690 
39 3.30 P.M. 8,320 40.0 0707 




















On inspecting the above results we see that (1) in the air of 
rooms the amount of nitrites is, as a rule, very small, on a clear day 
as little as .014 part in 10,000 parts air having been found; (2) the 
burning of illuminating gas and the presence of people seem to 
cause an increase in the quantity of nitrites present in the air. 

Reference has been made as to the possibility of persons being 
a factor in causing the increase in quantity of nitrites in the air. 
That nitrites are formed through human metabolism is evidenced by 
the fact that the water in which the hands are washed give, on the 
addition of Griess’ reagent, a very strong test for nitrites. 

Trial was made to ascertain whether during the breathing process 
of man nitrites are exhaled. To this end 100 cc. of redistilled water 
were placed in a large test tube and exhaled air blown through this 
water from the lungs for five minutes. The water was then treated 
for nitrites in the usual manner. No pink-colored solution was formed, 
thus showing that expired air on passing through pure water does not 
give an indication of nitrites. This circumstance does not, however, 
prove conclusively that nitrites are absent in air which has passed 
through the lungs. There is a great probability that air containing 
a small amount of nitrite in the presence of a comparatively great 
quantity of oxygen on passing through water oxidizes these nitrites 
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to nitrates, or even decomposes them to nitrogen. That this is evi- 
dently so is seen from the fact that a stream of air drawn through 
pure water by means of suction also failed to give any indication of 
nitrites, though water left exposed, undisturbed in this same air, gave 
a very decided test. 

It has also been mentioned that rain water obtained during a thun- 
der shower contained more nitrogen as nitrite and nitrate! than rain 
tested when there were no electrical discharges in the atmosphere. It 
seemed, therefore, probable that the larger part of the nitrites and 
nitrates were washed from the air during a rain storm. This was 
proved to be the case, for two porcelain dishes, containing each 
100 cc. of water, absorbed nitrites equivalent to 10 and 11 “stand- 
ards,” respectively, just before a rain storm. Immediately after the 
rain ceased one dish, exposed for one hour, gave an indication of 0.2 
“standard,” while another gave 0.4 “ standard,” showing that the air 
is very thoroughly washed during a heavy fall of rain. 

It will be seen -from the above that the results which I have 
obtained, though not numerous, deal yet with a subject hitherto little 
considered. Some of the determinations do not directly confirm what 
I had expected. Further experiment may lead to definite results, and 
although it is my intention to continue the investigation, I also hope 


that this fragmentary presentation may stimulate others to further 
work on the subject. 





? Loc. cit. (See above.) 
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MURIATE TIN, BISULPHITE SODA, NITRATE COPPER, 
STANNATE SODA, and other Chemicals. 

BUSINESS FOUNDED 1849. WORKS AT EVERETT, MASs. 

LOWE & REED, 1826. REED, CUTLER & CO., 1861. 


CUTLER BROS. & CO., 


WHOLESALE, IMPORTING AND JOBBING 


—~= DRUGGISTS =~ 


89 BROAD and 10 & 12 HAMILTON STREETS, 


Between 274 Franklin Street and 15: Milk Street, 


SBOE Om 
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ADVERTISEMENTS. 





THE ATLANTIC WORKS, 


INCORPORATED 1853. 


60 TO 76 BORDER STREET, EAST BOSTON, MASS. 


BUILDERS OF 


STEAMSHIPS, Tow BoATs, & STEAM YACHTS, 


Marine Engines, Boilers, Tanks, and General Machinery. 





REPAIRING OF EVERY DESCRIPTION. 





MOPLGSS. GV ree 2. © Eee. 


BRASS, COPPER, AND ITROW 
Wire Cloths and Nettings, 
COAL AND SAND SCREENS, RIDDLES, SIEVES, Etc. 
Brass-Wire Cloth for Paper Makers, 


FANCY WROUGHT IRON and BRASS WORK and WIRE RAILINGS. 





76 to 81 Cornhill «  « ‘BOSTON. 
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THERE ARE TWO 
KINDS OF BICYCLES 








Columbias 


and others. 


There are no untried 
devices in 1896 Col- 
umbias. Every detail 


has been perfected by 
at least a year’s use. 


Beautiful Art Ca for 

1896 of Columbia and Hart- 

RE 
upon an 

agent; by fae f from us for 

two 2-cent stamps. 


POPE MANUFACTURING CO. 
Factories and General Offices, Hartford, Conn. 
Branch Stores and Agencies in almost every city and 


town. If Columbias are not properly represented 
in your vicinity let us know. 








